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6970-NOI 

May 12, 2026 

Oakham Conservation Commission 
Town Hall 
2 Coldbrook Road, Unit 7 
Oakham, MA 01068 

Subject: NOTICE OF INTENT: Moraga Storage LLC, 358 Coldbrook Road, Oakham, MA. 

Dear Commissioners: 

On behalf of the applicant, Moraga Storage, LLC (the “Applicant”), Epsilon Associates, Inc. (“Epsilon”) 
is pleased to submit this Notice of Intent (“NOI”) to the Oakham Conservation Commission. The NOI 
was prepared in accordance with the Massachusetts Wetland Protection Act (MGL c.131 § 40) and 
implementing Regulations (310 CMR 10.00). 

As outlined in greater detail in the NOI, the Applicant proposes to construct a 180MW Battery Energy 
Storage System on the above referenced property. As part of the Project, a portion of the existing 
gravel driveway that crosses the 100‑foot Buffer Zone to Bordering Vegetated Wetlands (“BVW”) will 
be improved and is therefore subject to the jurisdiction of the Massachusetts Wetlands Protection 
Act (“WPA”). This is the only aspect of the Project that is within the Commission’s jurisdiction under 
the WPA.  

Wetland resource areas on the Project Site were previously reviewed and approved by the 
Conservation Commission through an Order of Resource Area Delineation (“ORAD”) dated December 
3, 2024 (MassDEP File No. 252‑0150). The Applicant is aware of comments raised by the Town of 
Oakham during the Energy Facilities Siting Board evidentiary hearings suggesting that the BVW 
boundary may differ from that approved under the Order of Resource Area Delineation (“ORAD”); 
however, as MassDEP noted in its April 15, 2026 email transmittal to the Commission, modification of 
delineated BVW boundaries within the ORAD area is not permitted prior to the ORAD’s expiration in 
2029. 

Further, based on available field data and applicable regulatory criteria, the Applicant maintains that 
the area in question does not constitute a jurisdictional resource area under the WPA and is therefore 
not shown on the enclosed plans. Nonetheless, as a good‑faith and conservative measure, the Project 
has been designed to avoid any alteration of this area and to comply with all applicable performance 
standards, and the Applicant looks forward to further discussion during the Commission’s review of 
the NOI. 
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We understand that the Commission will publish the public notice in a local newspaper at least five 
days prior to the hearing date and that the Applicant will be billed accordingly. This NOI is being 
submitted for the Commission’s review at the next scheduled public hearing, in accordance with the 
requirement that a hearing be held within 21 days of filing. If the Commission has any questions 
regarding this NOI, please do not hesitate to contact me directly at (978) 461-6218 or via email at 
ghochmuth@epsilonassociates.com.  

Sincerely, 
EPSILON ASSOCIATES, INC. 

Greg J. Hochmuth, PWS, CWS, RS 
Senior Scientist  

Encl. 
CC: Massachusetts Department of Environmental Protection, CERO 
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 Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands 

WPA Form 3 – Notice of Intent 
Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  

Provided by MassDEP: 
  

MassDEP File Number 
 
Document Transaction Number 
Oakham 
City/Town 

Important: 
When filling out 
forms on the 
computer, use 
only the tab key 
to move your 
cursor - do not 
use the return 
key. 

 
 
 
Note:  
Before 
completing this 
form consult  
your local 
Conservation 
Commission 
regarding any 
municipal bylaw 
or ordinance. 

A. General Information 

1. Project Location (Note: electronic filers will click on button to locate project site): 

358 Coldbrook Road 
a. Street Address  

Oakham 
b. City/Town 

01068 
c. Zip Code 

Latitude and Longitude: -72.039692 
d. Latitude 

42.365473 
e. Longitude 

406 
f. Assessors Map/Plat Number   

106.3 
g. Parcel /Lot Number 

2.  Applicant: 

Gus 
a. First Name 

Hadidi 
b. Last Name 

Moraga Storage, LLC 
c. Organization 

800 N. King Street, Suite 304 
d. Street Address 
Wilmington  
e. City/Town 

 DE 
f. State 
    

19801 
g. Zip Code 

 401.215.4000 
h. Phone Number 

      
i. Fax Number 

 ghadidi@rhynland.com  
j. Email Address 

3. Property owner (required if different from applicant):   Check if more than one owner 

      
a. First Name 

      
b. Last Name 

 ZOVL Properties, LLC 
c. Organization 

 5555 Anglers Avenue, Suite 27 
d. Street Address 

  Fort Lauderdale 
e. City/Town 

 FL 
f. State 
    

33312 
g. Zip Code 

        
h. Phone Number 

      
i. Fax Number 

       
j. Email address 

 4.  Representative (if any): 

 Greg J. 
a. First Name 

Hochmuth 
b. Last Name 

 Epsilon Associates, Inc. 
c. Company 

 3 Mill & Main Place, Suite 250 
d. Street Address 

 Maynard 
e. City/Town
 
  

MA 
f. State 

01754   
g. Zip Code 

  978.461.6218 
h. Phone Number 

      
i. Fax Number 

ghochmuth@epsilonassociates.com  
j. Email address 

 
  5.  Total WPA Fee Paid (from NOI Wetland Fee Transmittal Form): 

 $500.00 
a. Total Fee Paid 

$237.50 
b. State Fee Paid 

$262.50 
c. City/Town Fee Paid 
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 Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands 

WPA Form 3 – Notice of Intent 
Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  

Provided by MassDEP: 
  

MassDEP File Number 
 
Document Transaction Number 
Oakham 
City/Town 

 A.  General Information (continued) 
 6. General Project Description:  
 To make improvements to a gravel access roadway within the 100-ft. Buffer Zone to Bordering 

Vegetated Wetlands ancillary to a Battery Energy Storage System facility.  
  

 7a. Project Type Checklist:  (Limited Project Types see Section A. 7b.) 

  1.  Single Family Home  2.  Residential Subdivision 

  3.  Commercial/Industrial  4.  Dock/Pier 

  5.    Utilities 6.    Coastal engineering Structure 

  7.  Agriculture (e.g., cranberries, forestry)  8.  Transportation 

  9.  Other  

 7b. Is any portion of the proposed activity eligible to be treated as a limited project (including Ecological 
Restoration Limited Project) subject to 310 CMR 10.24 (coastal) or 310 CMR 10.53 (inland)? 

  1.   Yes  No If yes, describe which limited project applies to this project. (See 310 CMR 
10.24 and 10.53 for a complete list and description of limited project types) 

        
2. Limited Project Type  

 If the proposed activity is eligible to be treated as an Ecological Restoration Limited Project (310 
CMR10.24(8), 310 CMR 10.53(4)), complete and attach Appendix A: Ecological Restoration Limited 
Project Checklist and Signed Certification.  

 8. Property recorded at the Registry of Deeds for: 

 Worcester Registry of Deeds 
a. County 

      
b. Certificate # (if registered land) 

 67682 
c. Book 

276 
d. Page Number 

 B. Buffer Zone & Resource Area Impacts (temporary & permanent) 

 1.   Buffer Zone Only – Check if the project is located only in the Buffer Zone of a Bordering    
 Vegetated Wetland, Inland Bank, or Coastal Resource Area. 

 2.  Inland Resource Areas (see 310 CMR 10.54-10.58; if not applicable, go to Section B.3,    
 Coastal Resource Areas). 

 Check all that apply below. Attach narrative and any supporting documentation describing how the 
project will meet all performance standards for each of the resource areas altered, including 
standards requiring consideration of alternative project design or location.  
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 Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands 

WPA Form 3 – Notice of Intent 
Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  

Provided by MassDEP: 
  

MassDEP File Number 
 
Document Transaction Number 
Oakham 
City/Town 

 B. Buffer Zone & Resource Area Impacts (temporary & permanent) (cont’d) 

For all projects 
affecting other 
Resource Areas, 
please attach a 
narrative 
explaining how 
the resource 
area was 
delineated. 

Resource Area Size of Proposed Alteration Proposed Replacement (if any) 

a.   Bank       
1. linear feet 

      
2. linear feet 

b.  Bordering Vegetated 
  Wetland 

      
1. square feet 

      
2. square feet 

c.  Land Under 
 Waterbodies and 
 Waterways 

      
1. square feet 

      
2. square feet 

      
3. cubic yards dredged  

Resource Area Size of Proposed Alteration Proposed Replacement (if any) 

d.  Bordering Land 
 Subject to Flooding 

      
1. square feet 

      
2. square feet 

        
3. cubic feet of flood storage lost 

      
4. cubic feet replaced 

 e.  Isolated Land   
  Subject to Flooding 

      
1. square feet  

        
2. cubic feet of flood storage lost 

      
3. cubic feet replaced 

 f.   Riverfront Area       
1. Name of Waterway (if available)  - specify coastal or inland 

   2.  Width of Riverfront Area (check one): 
 

   25 ft. - Designated Densely Developed Areas only 
  

  100 ft. - New agricultural projects only 
 

   200 ft. - All other projects 

 

 

   3. Total area of Riverfront Area on the site of the proposed project:         
square feet 

  4. Proposed alteration of the Riverfront Area:  

       
a. total square feet  

      
b. square feet within 100 ft. 

      
c. square feet between 100 ft. and 200 ft. 

  5. Has an alternatives analysis been done and is it attached to this NOI?     Yes   No 

  6. Was the lot where the activity is proposed created prior to August 1, 1996?     Yes   No 

 3.  Coastal Resource Areas: (See 310 CMR 10.25-10.35)  
 Note: for coastal riverfront areas, please complete Section B.2.f. above. 
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 Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands 

WPA Form 3 – Notice of Intent 
Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  

Provided by MassDEP: 
  

MassDEP File Number 
 
Document Transaction Number 
Oakham 
City/Town 

 B. Buffer Zone & Resource Area Impacts (temporary & permanent) (cont’d) 
 Check all that apply below.  Attach narrative and supporting documentation describing how the 

project will meet all performance standards for each of the resource areas altered, including 
standards requiring consideration of alternative project design or location.   

Online Users: 
Include your 
document 
transaction 
number 
(provided on 
your receipt 
page) with all 
supplementary 
information you 
submit to the 
Department. 

Resource Area Size of Proposed Alteration Proposed Replacement (if any) 

a.  Designated Port Areas  Indicate size under Land Under the Ocean, below 

b.  Land Under the Ocean       
1. square feet  

       
2. cubic yards dredged  

c.  Barrier Beach Indicate size under Coastal Beaches and/or Coastal Dunes below 

d.  Coastal Beaches       
1. square feet 

      
2. cubic yards beach nourishment 

 
e.  Coastal Dunes       

1. square feet 
      
2. cubic yards dune nourishment 

 
 Size of Proposed Alteration Proposed Replacement (if any) 

 
f.   Coastal Banks       

1. linear feet  
 g.  Rocky Intertidal   

  Shores 
      
1. square feet  

 
h.  Salt Marshes       

1. square feet 
      
2. sq ft restoration, rehab., creation 

 i.   Land Under Salt  
  Ponds 

      
1. square feet  

        
2. cubic yards dredged  

 j.   Land Containing  
  Shellfish 

      
1. square feet  

  k.  Fish Runs Indicate size under Coastal Banks, inland Bank, Land Under the 
Ocean, and/or inland Land Under Waterbodies and Waterways, 
above    

        
1. cubic yards dredged  

  l.  Land Subject to   
   Coastal Storm Flowage 

      
1. square feet  

 4.  Restoration/Enhancement 
If the project is for the purpose of restoring or enhancing a wetland resource area in addition to the 
square footage that has been entered in Section B.2.b or B.3.h above, please enter the additional 
amount here.  

       
a. square feet of BVW 

      
b. square feet of Salt Marsh 

 5.  Project Involves Stream Crossings 

       
a. number of new stream crossings 

      
b. number of replacement stream crossings 
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 Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands 

WPA Form 3 – Notice of Intent 
Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  

Provided by MassDEP: 
  

MassDEP File Number 
 
Document Transaction Number 
Oakham 
City/Town 

 C. Other Applicable Standards and Requirements 
  This is a proposal for an Ecological Restoration Limited Project. Skip Section C and 

complete Appendix A: Ecological Restoration Limited Project Checklists – Required Actions 
(310 CMR 10.11).  

 Streamlined Massachusetts Endangered Species Act/Wetlands Protection Act Review 
 

1. Is any portion of the proposed project located in Estimated Habitat of Rare Wildlife as indicated on 
the most recent Estimated Habitat Map of State-Listed Rare Wetland Wildlife published by the Natural 
Heritage and Endangered Species Program (NHESP)? To view habitat maps, see the Massachusetts 
Natural Heritage Atlas or go to http://maps.massgis.state.ma.us/PRI_EST_HAB/viewer.htm.  

 

 

 
a.   Yes   No  If yes, include proof of mailing or hand delivery of NOI to: 

   
  Natural Heritage and Endangered Species Program 
  Division of Fisheries and Wildlife 
               1 Rabbit Hill Road 
               Westborough, MA 01581 

   

 
 

  

 August 1, 2021 
b. Date of map 

   

 If yes, the project is also subject to Massachusetts Endangered Species Act (MESA) review (321 
CMR 10.18). To qualify for a streamlined, 30-day, MESA/Wetlands Protection Act review, please 
complete Section C.1.c, and include requested materials with this Notice of Intent (NOI); OR complete 
Section C.2.f, if applicable. If MESA supplemental information is not included with the NOI, by 
completing Section 1 of this form, the NHESP will require a separate MESA filing which may take up 
to 90 days to review (unless noted exceptions in Section 2 apply, see below). 

 

 

  c.  Submit Supplemental Information for Endangered Species Review∗  

   1.   Percentage/acreage of property to be altered:  

    (a) within wetland Resource Area       
percentage/acreage 

    (b) outside Resource Area       
percentage/acreage 

   2.   Assessor’s Map or right-of-way plan of site 

 2.  Project plans for entire project site, including wetland resource areas and areas outside of 
wetlands jurisdiction, showing existing and proposed conditions, existing and proposed 
tree/vegetation clearing line, and clearly demarcated limits of work ∗∗    

 (a)    Project description (including description of impacts outside of wetland resource area & 
 buffer zone) 

 
(b)    Photographs representative of the site 

∗ Some projects not in Estimated Habitat may be located in Priority Habitat, and require NHESP review (see https://www.mass.gov/ma-
endangered-species-act-mesa-regulatory-review). 
Priority Habitat includes habitat for state-listed plants and strictly upland species not protected by the Wetlands Protection Act. 
∗∗ MESA projects may not be segmented (321 CMR 10.16). The applicant must disclose full development plans even if such plans are 
not required as part of the Notice of Intent process. 
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 Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands 

WPA Form 3 – Notice of Intent 
Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  

Provided by MassDEP: 
  

MassDEP File Number 
 
Document Transaction Number 
Oakham 
City/Town 

 C. Other Applicable Standards and Requirements (cont’d) 
 

(c)   MESA filing fee (fee information available at https://www.mass.gov/how-to/how-to-file-for-
a-mesa-project-review). 
Make check payable to “Commonwealth of Massachusetts - NHESP” and mail to NHESP at 
above address 

 

 

   Projects altering 10 or more acres of land, also submit: 

  (d)  Vegetation cover type map of site 

  (e)   Project plans showing Priority & Estimated Habitat boundaries 

 
 (f)  OR Check One of the Following 

 
1.    Project is exempt from MESA review.   

Attach applicant letter indicating which MESA exemption applies. (See 321 CMR 10.14, 
https://www.mass.gov/service-details/exemptions-from-review-for-projectsactivities-in-
priority-habitat; the NOI must still be sent to NHESP if the project is within estimated 
habitat pursuant to 310 CMR 10.37 and 10.59.)         

 

 

  2.    Separate MESA review ongoing.         
a. NHESP Tracking # 

      
b. Date submitted to NHESP 

 
3.  Separate MESA review completed.  

   Include copy of NHESP “no Take” determination or valid Conservation & Management  
  Permit with approved plan.  

 3. For coastal projects only, is any portion of the proposed project located below the mean high water 
 line or in a fish run? 

  a.   Not applicable – project is in inland resource area only   b.   Yes  No 

 If yes, include proof of mailing, hand delivery, or electronic delivery of NOI to either: 

 South Shore - Bourne to Rhode Island border, and 
the Cape & Islands: 

 
Division of Marine Fisheries -  
Southeast Marine Fisheries Station 
Attn: Environmental Reviewer 
836 South Rodney French Blvd. 
New Bedford, MA  02744 
Email: dmf.envreview-south@mass.gov  

North Shore - Plymouth to New Hampshire border: 
 

 
Division of Marine Fisheries -  
North Shore Office 
Attn: Environmental Reviewer 
30 Emerson Avenue 
Gloucester, MA 01930 
Email:  dmf.envreview-north@mass.gov  

 

 

 

 Also if yes, the project may require a Chapter 91 license. For coastal towns in the Northeast Region, 
please contact MassDEP’s Boston Office. For coastal towns in the Southeast Region, please contact 
MassDEP’s Southeast Regional Office.   

  c.  Is this an aquaculture project?     d.   Yes  No 

  If yes, include a copy of the Division of Marine Fisheries Certification Letter (M.G.L. c. 130, § 57). 
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 Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands 

WPA Form 3 – Notice of Intent 
Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  

Provided by MassDEP: 
  

MassDEP File Number 
 
Document Transaction Number 
Oakham 
City/Town 

 C. Other Applicable Standards and Requirements (cont’d) 

Online Users: 
Include your 
document 
transaction 
number 
(provided on 
your receipt 
page) with all 
supplementary 
information you 
submit to the 
Department. 

4. Is any portion of the proposed project within an Area of Critical Environmental Concern (ACEC)? 

a.   Yes  No If yes, provide name of ACEC (see instructions to WPA Form 3 or MassDEP 
Website for ACEC locations). Note: electronic filers click on Website. 

       
b. ACEC 

5. Is any portion of the proposed project within an area designated as an Outstanding Resource Water 
 (ORW) as designated in the Massachusetts Surface Water Quality Standards, 314 CMR 4.00? 

 a.   Yes  No 

6. Is any portion of the site subject to a Wetlands Restriction Order under the Inland Wetlands 
 Restriction Act (M.G.L. c. 131, § 40A) or the Coastal Wetlands Restriction Act (M.G.L. c. 130, § 105)? 

a.   Yes  No 

 7. Is this project subject to provisions of the MassDEP Stormwater Management Standards? 

 a.  Yes. Attach a copy of the Stormwater Report as required by the Stormwater Management  
 Standards per 310 CMR 10.05(6)(k)-(q) and check if: 

 1.  Applying for Low Impact Development (LID) site design credits (as described in    
 Stormwater  Management Handbook Vol. 2, Chapter 3) 

 2.  A portion of the site constitutes redevelopment 

  3.  Proprietary BMPs are included in the Stormwater Management System. 

 b.  No. Check why the project is exempt: 

 1.  Single-family house 

 2.  Emergency road repair 

 3.  Small Residential Subdivision (less than or equal to 4 single-family houses or less than  
 or equal to 4 units in multi-family housing project) with no discharge to Critical Areas. 

 D.  Additional Information 

  This is a proposal for an Ecological Restoration Limited Project. Skip Section D and complete 
Appendix A: Ecological Restoration Notice of Intent – Minimum Required Documents (310 CMR 
10.12).  

  Applicants must include the following with this Notice of Intent (NOI). See instructions for details. 

 Online Users: Attach the document transaction number (provided on your receipt page) for any of 
the following information you submit to the Department.  

 1.  USGS or other map of the area (along with a narrative description, if necessary) containing 
sufficient information for the Conservation Commission and the Department to locate the site. 
(Electronic filers may omit this item.)  

 2.  Plans identifying the location of proposed activities (including activities proposed to serve as a 
Bordering Vegetated Wetland [BVW] replication area or other mitigating measure) relative to 
the boundaries of each affected resource area.  
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 Massachusetts Department of Environmental Protection  
Bureau of Resource Protection - Wetlands 

WPA Form 3 – Notice of Intent 
Massachusetts Wetlands Protection Act M.G.L. c. 131, §40  

Provided by MassDEP: 
  

MassDEP File Number 
 
Document Transaction Number 
Oakham 
City/Town 

 D.  Additional Information (cont’d) 

  3.  Identify the method for BVW and other resource area boundary delineations (MassDEP BVW 
   Field Data Form(s), Determination of Applicability, Order of Resource Area Delineation, etc.),  
   and attach documentation of the methodology.  

 4.  List the titles and dates for all plans and other materials submitted with this NOI. 

 Moraga Storage 
a. Plan Title 

 ARUP 
b. Prepared By 

Derek B. Anderson, PE 
c. Signed and Stamped by 

 May 12, 2026 
d. Final Revision Date 

1" = 100' & 1" = 50' 
e. Scale 

       
f. Additional Plan or Document Title 

      
g. Date 

 5.  If there is more than one property owner, please attach a list of these property owners not 
listed on this form. 

 6.  Attach proof of mailing for Natural Heritage and Endangered Species Program, if needed. 

 7.  Attach proof of mailing for Massachusetts Division of Marine Fisheries, if needed. 

 8.  Attach NOI Wetland Fee Transmittal Form  

 9.  Attach Stormwater Report, if needed.  

  

  

  

  

 E. Fees 
  1.  Fee Exempt: No filing fee shall be assessed for projects of any city, town, county, or district  

  of the Commonwealth, federally recognized Indian tribe housing authority, municipal housing   
 authority, or the Massachusetts Bay Transportation Authority.  

  
Applicants must submit the following information (in addition to pages 1 and 2 of the NOI Wetland Fee 
Transmittal Form) to confirm fee payment:  

 

 

  060590 
2. Municipal Check Number 

5/11/2026 
3. Check date 

  060589 
4. State Check Number 

5/11/2026 
5. Check date 

  Epsilon Associates, Inc.  
6. Payor name on check: First Name 

      
7. Payor name on check: Last Name 
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6970/Moraga Storage LLC, Oakham 1 Attachment A – Project Narrative 
358 Coldbrook Road/Notice of Intent Epsilon Associates, Inc. 

ATTACHMENT A – PROJECT NARRATIVE 

1.0 Introduction 

On behalf of Moraga Storage, LLC (the “Applicant”), Epsilon Associates, Inc. (“Epsilon”) submits 
this Notice of Intent (“NOI”) to the Oakham Conservation Commission (“OCC” or “Commission”) 
for a limited portion of work associated with the proposed battery energy storage project (“BESS”) 
at 358 Coldbrook Road, Oakham, Massachusetts. The NOI has been prepared in accordance with 
the Massachusetts Wetland Protection Act (“WPA”) (MGL c. 131 § 40) and Regulations (310 CMR 
10.00). The filing is limited to improvements to a portion of an existing dirt/gravel access drive 
located within the 100-foot Buffer Zone to Bordering Vegetated Wetland ("BVW"). No work is 
proposed within BVW, within any other wetland resource area, or within vernal pool habitat as 
regulated under the Act. The wetland boundaries shown on the permit plans are based on the 
previously approved Order of Resource Area Delineation (“ORAD”) issued under MassDEP File No. 
252-0150.  These are the only aspects of the Project that are within the Commission’s jurisdiction
under the WPA. Because the proposed work is confined to an existing disturbed access corridor,
the filing does not seek approval for broader site development outside Conservation Commission
jurisdiction.

Additional details are provided in the balance of this narrative and related attachments, including 
the permit drawings prepared by ARUP Engineering provided under separate cover in 
Attachments G and H, respectively. The GIS figures provided in Attachment B also depict existing 
conditions on and adjacent to the Project site. 

2.0 Existing Conditions 

The Project Site encompasses approximately 42.9 acres. It is bordered by residential properties 
and undeveloped forest to the west; undeveloped forest and a Massachusetts Electric d/b/a 
National Grid–maintained power line easement to the northeast; and undeveloped forest, marsh, 
and Peg Millpond to the south. The land to the northeast is owned by the Department of 
Conservation and Recreation (“DCR”) and the Division of Water Supply Protection (“DWSP”). 
Surrounding land uses include conservation, recreation, municipal facilities, agriculture, and 
residential development. 

Historically, the Project Site operated as an automobile salvage storage facility. Site access is 
provided by an existing paved driveway extending from Coldbrook Road. At the terminus of this 
access driveway are a one-story, two‑bay service garage, an attached one‑story office or 
reception building, and a separate storage shed. Much of the parcel contains unpaved driveways 
and former vehicle storage areas that are now overgrown with shrubs and herbaceous vegetation. 
Other portions of the site, particularly the southeast corner, remain largely forested but still 
contain areas of overgrown vegetation and evidence of past site disturbances from prior 
commercial operations on the site.  
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6970/Moraga Storage LLC, Oakham 2 Attachment A – Project Narrative 
358 Coldbrook Road/Notice of Intent Epsilon Associates, Inc. 

The limited work area that is the subject of this NOI is located along a dirt/gravel drive that has 
historically been used by front loaders and other vehicles and is therefore already disturbed. A 
portion of the drive exists within the Buffer Zone to BVW.  

No portion of the Project Site is mapped as an Area of Critical Environmental Concern (“ACEC”) or 
an Outstanding Resource Water (“ORW”). The parcel is also not located within Priority Habitat of 
Rare Species or Estimated Habitat of Rare Wildlife as designated by the Natural Heritage and 
Endangered Species Program (“NHESP”).  

Based on Federal Emergency Management Agency (“FEMA”) community panel 2503240005B, 
effective April 3, 1984, the parcel does not contain any mapped Zone A or AE 100-year flood 
hazard areas (see Attachment B, Figure 3).  

3.0 Delineated Wetland Resource Areas 

Wetland resource areas associated with the Project site were delineated by Epsilon on July 21, 
2023, and March 26, 2024. On October 6, 2024, an Abbreviated Notice of Resource Area 
Delineation (“ANRAD”) was filed with the Oakham Conservation Commission and the 
Massachusetts Department of Environmental Protection (MassDEP File No. 252‑0150). Following 
submittal of the ANRAD application, a site visit with the Commission was conducted on October 
26, 2024. The public hearing was subsequently closed on November 6, 2024, and on December 3, 
2024, the Commission issued an Order of Resource Area Delineation (“ORAD”) approving the 
delineated wetland resource area boundaries. A copy of the ORAD and the approved ANRAD Plan 
are included as Attachment E.  

The Applicant acknowledges that, during the EFSB evidentiary proceedings, the Town of Oakham 
suggested a potential BVW area outside the previously issued ORAD. Based on available data, the 
Applicant maintains that this area does not constitute BVW and is not shown on the plans. The 
Applicant also notes that, per MassDEP’s April 15, 2026 email transmittal, modification of BVW 
boundaries within the ORAD is generally not permitted prior to its 2029 expiration. 
Notwithstanding, the Project has been designed to avoid alteration of the area as a conservative, 
good‑faith measure and the proposed work complies with all applicable WPA performance 
standards. 

The wetland resource areas were delineated in accordance with the U.S. Army Corps of Engineers 
Wetland Delineation Manual (USACE, 1987) and Regional Supplement, the Massachusetts 
Wetlands Protection Act and implementing Regulations (310 CMR 10.00), the MassDEP Handbook 
for Delineation of Bordering Vegetated Wetlands (Second Edition, September 2022). The Town of 
Oakham does not have a wetland bylaw, so the state and federal delineation methodologies 
apply. The state, and federal delineation methodologies prescribe a multi-parameter approach, 
where hydrophytic vegetation, hydrology and hydric soils are reviewed in conjunction with one 
another to demarcate the wetland – upland boundary.  
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Three Vernal Pools are located on the property that were certified by others following the 
issuance of the ORAD. The three Certified Vernal Pools (“CVP’s”) were located in the spring of 
2026, and they are accurately depicted on the permit plan set. No work is proposed in these areas 
nor is any work proposed within the adjoining Vernal Pool Habitat as such term is defined in the 
WPA regulations (310 CMR 10.04). 

Wetland resource areas on the Project Site include several BVW systems, delineated as W1, W2, 
W3, W4, and W6/W7 Series, which represent a mix of forested, scrub‑shrub, and emergent 
wetland communities across the parcel. These systems are hydrologically interconnected in 
certain areas (e.g., W3 and W4) and are associated with intermittent streams and adjacent surface 
water features. 

Additional detail regarding the delineation, characteristics, and regulatory context of these 
wetland systems is provided in Attachment E (ORAD) and the approved ANRAD provided in 
Attachment H (Stormwater Report). 

4.0 Description of Proposed Activities within Jurisdictional Areas 

Activities subject to the Commission’s jurisdiction are limited to improvements proposed within 
the existing access driveway, which will be upgraded to support construction and operational 
activities at the site. A portion of this work is located within the 100‑foot Buffer Zone to BVW. No 
other components of the Project are currently proposed within jurisdictional resource areas. 

The Applicant proposes to improve a segment of the existing dirt/gravel driveway to a 16-foot-
wide gravel construction and operations driveway typical of utility right-of-way access roads. The 
improvements will occur within the existing disturbed corridor and will consist of grading, 
placement of compacted fill as needed to establish the section, installation of a gravel subbase 
and top course, and shaping of the surface to provide stable access for construction and 
operations. Based on a typical cross section, the driveway will consist generally of a crowned 
gravel surface over compacted subbase, with sloped shoulders transitioning to existing grade. The 
purpose of the work is to stabilize and formalize an existing access route rather than create a new 
one in an undisturbed area. No alteration of BVW is proposed. No fill, grading, excavation, or other 
work will occur within the BVW boundary, and all activities have been specifically designed to 
avoid and protect this resource area. Work is limited to the Buffer Zone, with the limits of 
disturbance clearly identified on the plan set and will be demarcated in the field with sediment 
controls to ensure no encroachment into BVW occurs during construction. 

The Applicant has proactively incorporated stormwater management measures to prevent 
potential impacts to adjacent wetlands. No components of the proposed stormwater 
management system, including discharge points and conveyance features associated with 
construction and operation of the BESS facility, are located within jurisdictional resource areas. 
Additional detail are provided in the Stormwater Management Report included as Attachment H. 

Please also refer to the permit drawings provided in Attachments G and H for additional detail. 

Attachment A 
EFSB 26-01 

Page 20 of 302



6970/Moraga Storage LLC, Oakham 4 Attachment A – Project Narrative 
358 Coldbrook Road/Notice of Intent Epsilon Associates, Inc. 

5.0 Summary of Proposed Mitigation Measures 

Although most of the following best management practices (“BMP’s”) are anticipated to be 
implemented outside the 100‑foot Buffer Zone, they are included for informational purposes 
should any work occur within the Buffer Zone requiring such measures. 

5.1 Sediment Controls and Erosion Prevention Measures 

An erosion and sedimentation control program will minimize the risk of impacts to wetland 
resource areas during construction. The Applicant’s erosion and sedimentation control program 
incorporates BMPs specified in guidelines developed by the MassDEP and the United States 
Environmental Protection Agency (“USEPA”) and will comply with the requirements of the 
National Pollutant Discharge Elimination System (“NPDES”) General Permit for Storm Water 
Discharges from Construction Activities. These measures will include the installation of temporary 
sediment controls (e.g., silt fence, compost filter tubes, inlet protection devices), erosion 
prevention measures (e.g., seeding, stone), and construction sequencing. Tracking pads will be 
installed at the primary entrance and exit point to minimize the transport of sediment onto 
adjacent roadway surfaces. Sediment controls are depicted on the enclosed permit drawings in 
Attachments G and H, respectively. 

5.2 Dewatering Protocols 

To the extent construction dewatering is determined to be necessary, the type of dewatering BMP 
will be selected by the site contractor at the time of construction based on site specific factors 
and the volume of water to be collected and treated. The site contractor will also be required to 
adhere to the following minimum performance standards: 

• Do not discharge visible floating solids,

• Do not discharge directly into adjacent jurisdictional areas or catch basins that discharge
into adjacent jurisdictional areas, and

• Velocity dissipation devices (e.g., check dams, riprap) shall be used as necessary to
provide a non‐erosive flow velocity at any outlet where dewatering water is discharged.

5.3 Soil and Construction Material Stockpile Locations 

The soil and construction material stockpile locations will be located outside of the 100-foot 
Buffer Zone and surrounded by sediment controls and/or temporary construction fencing to 
prevent inadvertent encroachments into the Buffer Zone. There will be no storage of soil, 
concrete, or construction materials within wetland resource areas. Construction debris will 
typically be placed in large roll-off containers (or dumpsters) and removed by a contract hauler.  
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5.4 Construction Monitoring 

The proposed Project includes preparation and implementation of a Stormwater Pollution 
Prevention Plan (“SWPPP”) that identifies the controls and BMPs to be implemented to minimize 
the potential for erosion and sedimentation associated with site disturbance. A qualified 
environmental inspector will conduct regular site inspections to ensure compliance with 
construction procedures, the Project SWPPP, and all applicable permit conditions. 

5.5 Snow Storage 

Snow storage areas will be located outside of the 100‑foot Buffer Zone to avoid potential impacts 
to adjacent wetland resource areas. 

6.0 Bordering Vegetated Wetlands and Buffer Zone Compliance (310 CMR 10.55 and 310 
CMR 10.02(2)(b)3) 

The Project has been designed to avoid impacts to BVW and to protect the interests of the WPA. 
All proposed work associated with the access drive improvements is confined to the Buffer Zone, 
with no alteration, filling, excavation, or permanent disturbance proposed within BVW resource 
areas. Accordingly, the regulatory provisions related to wetland replication, mitigation, and 
limited wetland loss are not applicable to the Project. 

The work within the Buffer Zone has been limited to previously disturbed and developed areas 
associated with the existing access drive in order to minimize disturbance adjacent to wetland 
resources. A clearly defined limit of work will be established in the field prior to construction, and 
erosion and sedimentation controls will be installed and maintained throughout construction to 
prevent sediment transport or runoff into adjacent wetlands. Existing vegetation adjacent to the 
BVW will be preserved to the maximum extent practicable, and construction activities will be 
managed to avoid indirect impacts to wetland functions and values during and after construction. 

The Project does not involve work within Vernal Pool Habitat, mapped Estimated Habitat for 
State-listed Species and is not located within an Area of Critical Environmental Concern. Given the 
limited scope of work, the existing developed character of the Buffer Zone, and the 
implementation of erosion and sedimentation controls and other protective measures, the 
Project will not adversely affect adjacent wetland resource areas and is consistent with the 
performance standards and intent of 310 CMR 10.55 and 310 CMR 10.02(2)(b)3.  

7.0 Conclusions 

The information submitted with this NOI and the accompanying site plans demonstrates that the 
Project has been designed to fully comply with all applicable performance standards of the WPA 
and its implementing regulations. The materials provided adequately document existing site 
conditions, the proposed work, and the avoidance, minimization, and mitigation measures 
incorporated into the Project design, and show that no adverse impacts to wetland resource areas 
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or the interests protected by the Act are anticipated. Based on this documentation, the Applicant 
respectfully requests that the Commission issue an Order of Conditions approving the Project, 
with such reasonable conditions as the Commission deems appropriate to ensure continued 
compliance with and protection of the interests of the WPA. 
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Figure 1
USGS Locus Map

358 Coldbrook Road     Oakham, Massachusetts
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Figure 2
Aerial Locus Map

358 Coldbrook Road     Oakham, Massachusetts
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FEMA Flood Zones

(FIRM Panel 250324 0005 B - April 3, 1984)

358 Coldbrook Road     Oakham, Massachusetts
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Figure 4
NRCS SSURGO-Certified Soils

358 Coldbrook Road     Oakham, Massachusetts
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Revised 2/17/2017 

AFFIDAVIT OF SERVICE 

Under the Massachusetts Wetlands Protection Act 

(To be submitted to the Massachusetts Department of Environmental Protection 

and the Conservation Commission when filing a Notice of Intent) 

I, , hereby certify under the 

(Name of person making the Affidavit) 

pains and penalties of perjury that on I gave notification to abutters 

(Date) 

in compliance with the second paragraph of Massachusetts General Laws Chapter 131, Section 

40, and the DEP Guide to Abutter Notification dated April 8, 1994, in connection with the 

following matter: 

A Notice of Intent filed under the Massachusetts Wetlands Protection Act by 

 with the 

(Name of Applicant) (Name of Municipality) 

Conservation Commission on  for property located at 

(Address of land where work is proposed) 

The form of the notification and a list of the abutters to whom it was given and their addresses, 

are attached to this Affidavit of Service. 

(Name) (Date) 

 May 12, 2026

May 12, 2026 

          May 12, 2026

         Oakham            Moraga Storage, LLC

            Greg J. Hochmuth, Epsilon Associates, Inc.

           358 Coldbrook Road
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Notification to Abutters 

By Hand Delivery, Certified Mail (return receipt requested), or Certificates of Mailing   

This is a notification required by law.  You are receiving this notification because you have been 
identified as the owner of land abutting another parcel of land for which certain activities are 
proposed.  Those activities require a permit under the Massachusetts Wetlands Protection Act 
(M.G.L. c. 131, § 40). 

In accordance with the second paragraph of the Massachusetts Wetlands Protection Act, and 310 
CMR 10.05(4)(a) of the Wetlands Regulations, you are hereby notified that: 

A. A Notice of Intent was filed with the Oakham Conservation Commission on May 12, 2026
seeking permission to remove, fill, dredge, or alter an area subject to protection under M.G.L.
c. 131 §40.  The following is a description of the proposed activity/activities:

B. The name of the applicant is:  Moraga Storage, LLC.

C. The address of the land where the activity is proposed is: 358 Coldbrook Road, Assessors
Map 406, Parcel 106.3.

D. Copies of the Notice of Intent may be examined or obtained at the office of the Oakham
Conservation Commission, located at 2 Coldbrook Road, Unit 7, Oakham, MA 01068.  The
Conservation Commission does not hold regular business hours, so please call 508-882-5549
to request an appointment or email at: conservation@oakham-ma.gov.

E. Copies of the Notice of Intent may be obtained from the applicant by calling 401.215.4000.
An administrative fee may be applied for providing copies of the NOI and plans.

F. Information regarding the date, time, and location of the public hearing regarding the Notice
of Intent may be obtained from the Oakham Conservation Commission.  Notice of the public
hearing will be published at least five business days in advance, in the Barre Gazette.

Notification provided pursuant to the above requirement does not automatically confer standing to 
the recipient to request Departmental Action for the underlying matter.  See 310 CMR 

10.05(7)(a)4. 

The Applicant proposes to construct a 180‑megawatt, four‑hour Battery Energy Storage System 
(“BESS”) and associated electrical infrastructure (the “Project”) on approximately 18 acres of a 
42.9‑acre parcel off Coldbrook Road, 358 Coldbrook Road, in Oakham, Massachusetts (the “Project 
Site”). As part of the Project, a portion of the existing gravel access roadway that crosses the 100‑foot 
Buffer Zone to Bordering Vegetated Wetlands will be improved and is therefore subject to the 
jurisdiction of the Massachusetts Wetlands Protection Act (“WPA”).
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noifeetf.doc • Wetland Fee Transmittal Form • rev. 10/11 Page 1 of 2 

Massachusetts Department of Environmental Protection 
Bureau of Resource Protection - Wetlands 
NOI Wetland Fee Transmittal Form
Massachusetts Wetlands Protection Act M.G.L. c. 131, §40 

Important: When 
filling out forms 
on the computer, 
use only the tab 
key to move your 
cursor - do not 
use the return 
key. 

A. Applicant Information

1. Location of Project:

358 Coldbrook Road
a. Street Address

Oakham 
b. City/Town

060589 
c. Check number

$237.50 
d. Fee amount

2. Applicant Mailing Address:

Gus
a. First Name

Hadidi 
b. Last Name

Moraga Storage, LLC 
c. Organization

800 N. King Street, Suite 304 
d. Mailing Address

Wilmington 
e. City/Town

DE 
f. State

19801 
g. Zip Code

401.215.4000 
h. Phone Number i. Fax Number

ghadidi@rhynland.com 
j. Email Address

3. Property Owner (if different):

a. First Name b. Last Name
ZOVL Properties, LLC 
c. Organization

5555 Anglers Avenue, Suite 27 
d. Mailing Address

Fort Lauderdale 
e. City/Town

FL 
f. State

33312 
g. Zip Code

h. Phone Number i. Fax Number j. Email Address
To calculate  
filing fees, refer 
to the category 
fee list and 
examples in the 
instructions for 
filling out WPA 
Form 3 (Notice of 
Intent). 

B. Fees
Fee should be calculated using the following process & worksheet. Please see Instructions before 
filling out worksheet.  

Step 1/Type of Activity: Describe each type of activity that will occur in wetland resource area and buffer zone. 

Step 2/Number of Activities: Identify the number of each type of activity. 

Step 3/Individual Activity Fee: Identify each activity fee from the six project categories listed in the instructions.  

Step 4/Subtotal Activity Fee: Multiply the number of activities (identified in Step 2) times the fee per category 
(identified in Step 3) to reach a subtotal fee amount. Note: If any of these activities are in a Riverfront Area in 
addition to another Resource Area or the Buffer Zone, the fee per activity should be multiplied by 1.5 and then 
added to the subtotal amount. 

Step 5/Total Project Fee: Determine the total project fee by adding the subtotal amounts from Step 4. 

Step 6/Fee Payments: To calculate the state share of the fee, divide the total fee in half and subtract $12.50. To 
calculate the city/town share of the fee, divide the total fee in half and add $12.50. 
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Massachusetts Department of Environmental Protection 
Bureau of Resource Protection - Wetlands 
NOI Wetland Fee Transmittal Form
Massachusetts Wetlands Protection Act M.G.L. c. 131, §40 

B. Fees (continued)
Step 1/Type of Activity Step 2/Number 

of Activities 
Step 

3/Individual 
Activity Fee 

Step 4/Subtotal Activity 
Fee 

Category 2. j. 1 $500.00 $500.00 

 Step 5/Total Project Fee: $500.00 

 Step 6/Fee Payments: 

 Total Project Fee: $500.00 
a. Total Fee from Step 5

 State share of filing Fee: $237.50 
b. 1/2 Total Fee less $12.50

City/Town share of filling Fee: $262.50 
c. 1/2 Total Fee plus $12.50

C. Submittal Requirements
a.) Complete pages 1 and 2 and send with a check or money order for the state share of the fee, payable to

the Commonwealth of Massachusetts. 

Department of Environmental Protection 
Box 4062 

Boston, MA 02211 

b.) To the Conservation Commission: Send the Notice of Intent or Abbreviated Notice of Intent; a copy of 
this form; and the city/town fee payment. 

To MassDEP Regional Office (see Instructions): Send a copy of the Notice of Intent or Abbreviated Notice of 
Intent; a copy of this form; and a copy of the state fee payment. (E-filers of Notices of Intent may submit these 
electronically.) 
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Attachment E 

Order of Resource Area Delineation 

MassDEP File #: 252-0150 
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Attachment F
Photographs

358 Coldbrook Road - Oakham, Massachusetts

Photograph 1: View of W-4 Series BVW, south of the existing access 
road.   

Photograph 2: View of swale on the west end of the W-4 series BVW, 
looking west where it connects to the W3-Series BVW.  
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Attachment F
Photographs

358 Coldbrook Road - Oakham, Massachusetts

Photograph 3: View of certified vernal pool #8769. 

Photograph 4: View of certified vernal pool #8768.
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Attachment F
Photographs

358 Coldbrook Road - Oakham, Massachusetts

Photograph 5: Photo of Peg Mill Pond, looking south from property 
boundary of 358 Cold Brook Road.   

Photograph 6: View of certified vernal pool #8768.
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Stormwater Management Report

Revision 2 | December 16, 2025

This report takes into account the particular instructions and
requirements of our client.  It is not intended for and should
not be relied upon by any third party and no responsibility is
undertaken to any third party.

Job number  296229-00
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1. Introduction

1.1 General Information
 Project Address: 358 Coldbrook Rd Oakham, MA 01068
 Existing Land Use/Zoning: Agricultural and Rural Residential District
 Applicant Name: Rhynland Energy

o Applicant Contact: Gus Hadidi
o Address: 750 Lexington Avenue, 9th Floor New York, NY 10022
o Email: ghadidi@rhynland.com
o Phone: (401) 215-4000

 Engineer of Record: Derek Anderson
o Address: 60 State St, Boston MA 02109 USA
o Email: derek.anderson@arup.com
o Phone: (614) 864-2987

1.2 Executive Summary

This Stormwater Management Report was prepared in accordance with the Massachusetts Department of
Environmental Protection (MassDEP) Stormwater Management Handbook on behalf of Rhynland Energy. The
report examines the changes in drainage that can be expected as the result of the proposed battery energy storage
site (BESS) development located at 358 Coldbrook Road in the Town of Oakham in Worcester County,
Massachusetts (herein referred to as the ‘Site’).

Figure 1-1: Site Locus Map
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The proposed project consists of 74 battery units with associated utility connections, and site improvements
including electrical equipment, concrete pads, access driveways, and stormwater drainage infrastructure.

The stormwater management system for this site has been designed utilizing Best Management Practices (BMPs)
and Low Impact Design (LID) to be in general compliance with the stormwater management standards outlined
in the Massachusetts Stormwater Handbook. The proposed project will provide pollutant reduction by way of
proprietary stormwater treatment devices, and peak runoff attenuation by way of reducing impervious coverage,
maintaining existing drainage patterns, and the implementation of dry detention basins. The project will also
provide erosion and sedimentation control drawings in accordance with the Erosion and Sedimentation
Guidelines: A Guide for Planners, Designers, and Municipal Officials during the demolition and construction
periods, as well as long term stabilization of the site.

Peak runoff to the Site’s design points have been reduced in the post development conditions. A summary of the
pre- and post-development conditions peak runoff rates for the 2-, 10-, and 100-year are shown in Table 1-1
below.

The design detailed in this report is further supported by the site development drawings prepared by Arup dated
March 18th, 2025, provided in Appendix M.

Table 1-1: Peak Runoff Rate Summary (cfs)

2-year 10-year 100-year

Pre Post Δ Pre Post Δ Pre Post Δ

DP-1 8.51 5.10 -3.41 15.58 8.81 -6.77 27.16 16.35 -10.81

DP-2 13.60 10.99 -2.61 25.27 23.37 -1.9 44.43 43.24 -1.19

2. Site Conditions

2.1 Existing Site Description

The existing parcel is approximately 42.85 acres and the proposed limit of disturbance is 17.9 acres. The entire
Town of Oakham is designated as an “Agricultural and Rural Residential District” as indicated on the “Zoning
Map of Oakham, Massachusetts” prepared in March 1972. The site is bordered to the east by Coldbrook Road,
and to the north, south, and west by rural, vegetated land.

The site is the location of a former automobile salvage storage facility that today is comprised mostly of forest,
marsh, and unmaintained developed area. Additionally, a Massachusetts Electric d/b/a National Grid maintained
power line easement passes through the northeastern portion of the site. A paved road provides access to the Site
from Coldbrook Road. At the end of the access road there is an abandoned one-story, two bay service garage, an
attached one-story office or reception building, and a separate shed. Much of the site is covered by unpaved
access roads and former car storage areas which are becoming overgrown with shrubs and herbaceous
vegetation.

The western portion of the Site is generally level, but includes small manmade drainage channels, mounds,
depressions, and berms. In the northeast portion, the topography gradually slopes down in a northeasterly
direction. In the southeast portion, there is a steep decline that becomes shallower going eastward.
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2.1.1 Soil Conditions

According to the USDA Natural Resources Conservation Service (NRCS) Web Soil Survey, the main soil types
onsite are hydrologic soil group (HSG) types C and D. See Table 2-1 for all soil types onsite and their
corresponding hydrologic soil group per Web Soil Survey (see Appendix C).

During our initial screening of the site, it was determined that the groundwater elevation has a depth of about 19-
27" below grade per the USDA Web Soil Survey. Per the Massachusetts Stormwater Handbook, a vertical
separation of 2' is required between groundwater and the bottom of our stormwater system. Furthermore, since
the site is comprised mostly of C and D soils - infiltration on the Site was deemed not suitable. The design will
instead implement surface detention basins with impermeable liners to accommodate the peak flow mitigation
requirements.

Table 2-1: NRCS Soil Survey

Map Unit Symbol Map Unit Name Rating HSG

910C Woodbridge-Paxton association, 3 to 15 percent
slopes, extremely stony

Moderately well
drained C/D

918B Ridgebury-Whitman association, 0 to 8 percent
slopes, extremely stony

Poorly drained D

927C Montauk-Scituate-Canton association, 3 to 15
percent slopes, extremely stony

Well drained C

2.1.2 Wetland Information

The Site contains multiple wetland resource areas, primarily classified as Bordering Vegetated Wetlands
(BVWs). The site contains 6,600 linear feet of BVW per field delineation by Epsilon on July 21, 2023 and
March 26, 2024 and approved by the Oakham Conservation Commission through an Order of Resource Area
Delineation (ORAD) in December 2024.

The proposed development aims to limit the amount of disturbance to these existing wetland systems to the
maximum extent feasible. Under the Massachusetts Wetland Protection Act (WPA), a BVW has a 100-foot
Buffer Zone extending from its edge - project work within the 100-foot Buffer Zone includes: grading,
stormwater drainage infrastructure, battery and associated utility installation, paved access roadway, gravel
walkways, and a proposed noise wall. The WPA does not have strict performance standards for buffer zone
work, and the Town of Oakham does not have a wetlands protection bylaw or wetland delineation methodology
that differs from the state methodology – therefore, no additional mitigation is required for work within this
buffer zone.

Practical alternatives were explored to avoid direct BVW impact, but in order to access the rear of the site – a
proposed access road crossing in the area of BVW Flag Series W6 & W7 was determined to be necessary. This
disturbance totals to approximately 800 SF of temporary disturbance and 385 SF of permanent wetland fill. Per
the WPA, work proposed directly within a BVW must meet specific performance standards as outlined in 310
CMR 10.55 and 310 CMR 10.53(1). The permanent alteration will be replaced at a 1:1 or greater ratio in area
and function and be hydrologically connected to the original BVW, maintain similar or improved wetland
functions, and use native plantings and appropriate soil conditions.

Additionally, while Isolated Vegetated Wetlands (IVWs) are present, they do not meet the criteria for Isolated
Land Subject to Flooding (ILSF) under the WPA. Nevertheless, no work is proposed in these areas.
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Indirect impacts from stormwater discharges will be mitigated through the use of sedimentation and erosion
control measures during construction as well as BMPs and an Operation & Maintenance Plan once the site is
fully constructed and stabilized.

Supplemental information regarding the existing wetlands is provided in Appendix L.

2.1.3 Environmental Concerns

According to the most current mapping on MassGIS, there are no Areas of Critical Environmental Concern
(ACEC), Outstanding Resource Water (ORW), or Environmental Communities/Populations mapped within the
Site. Additionally, there are no mapped Priority and Estimated Habitats, nor any Vernal pools located on the
Site.

The western portion of the site is located within Zone A, Zone B, and Zone C of the Surface Water Supply
Protection Area. The proposed project includes access roadway improvements within the Zone C area; however,
no stormwater discharges are proposed in the overlay areas. All stormwater from the improved roadway areas
will be managed in accordance with the MassDEP Stormwater Standards, ensuring that runoff is directed to
appropriate treatment and discharge locations outside of the protection areas. As no new stormwater discharges
are occurring within the protection areas, the project does not impact water quality or require additional
stormwater mitigation measures for that area.

2.1.4 FEMA Flood Zones

According to the Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM), map
number 2503240005B, effective April 3, 1984, the site is not located in a FEMA floodplain. See Appendix B.

2.2 Proposed Site Description
The proposed project consists of 74 battery units with associated utility connections, and site improvements
including electrical equipment, concrete pads, access driveways, and stormwater drainage infrastructure. The site
has been designed to maintain existing topography and mimic existing drainage patterns to the maximum extent
feasible.

The only impervious surfaces proposed to be constructed are access roads and small concrete pads for utility
equipment. Once operational, vehicular access to the project will be limited to infrequent maintenance visits. The
proposed improvements will result in 117,065 SF of impervious area. A total of approximately 778,380 square
feet or 17.9 acres of disturbed area is anticipated, including lay-down and staging areas, and construction
activities associated with the project. All work will take place within the proposed property limits. The
impervious surfaces defined above will be kept to the minimum practical. This design gives preference to
proposed drainage infrastructure, low impact development, and maintains existing grade, as much as practical.

BESS sites are complicated in nature due to their intricate ownership structures, phased construction processes,
and need for extensive coordination with local utilities and regulatory authorities. Specifically for this site,
additional information will be provided at future phases of design once a contractor has been procured and local
utility owners have been engaged.  Due to these complexities, the project will provide construction period
pollution prevention plans and erosion and sedimentation control plans, long-term pollution prevention plans,
and identification of post-construction drainage system owners and parties responsible for O&M in a subsequent
design phase.
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3. Stormwater Management

3.1 Design Criteria & Stormwater Methodology

To strengthen community resilience and prepare for the impacts of climate change, the Massachusetts
Environmental Policy Act (MEPA) Interim Protocol has been established. This protocol includes the efforts of
the Resilient Massachusetts Action Team (RMAT), which is advancing the “Climate Resilience Design
Standards and Guidelines” project. The design standards for extreme precipitation incorporate an increase factor
based on the project’s design life. A percent increase is applied to the National Oceanic and Atmospheric
Administration (NOAA) medial values. The project has a design life of approximately 20 years which follows
the Mid-Century precent increases. All values are listed in

Table 3-1 below and NOAA rainfall data can be found in Appendix K.

Table 3-1: Rainfall Depths

Frequency (24-hr
Duration) 2-year 10-year 25-year 100-year

NOAA Atlas 14 Present
Baseline 24hr Rainfall

(inches)
3.06 4.74 5.79 7.41

Mid-Century (2030/2050)
(in) 3.9 6.0 7.4 9.4

The peak runoff discharges for existing and proposed conditions were analyzed using the Soil Conservation
Service (SCS) methodology. Values for area, curve number and time of concentration were calculated for
existing and proposed conditions. Values of time of concentration (Tc) were determined for existing and
proposed conditions based on land cover and slope of the flow path, using methods outlined in the SCS
methodology. The minimum Tc used in TR-55 is 0.1 hour. For this study, a 24-hour SCS Type III standard
rainfall was used to determine the peak flow rate to the point of discharge from the site. The pre- and post-
development runoff rates discharged from the site were ultimately computed using the Autodesk Stormwater &
Sanitary Analysis (SSA) computer program.

Water Quality Volume (“WQV”) for the site will be calculated assuming that the concrete equipment pads are
impervious cover and gravel surfaces are pervious cover.

3.2 Existing Conditions

3.2.1 Existing Development Collection and Conveyance
The existing condition did not include any drainage infrastructure. Stormwater flows predominantly from west to
east and north to south across the site via overland flow.

The project site is split between the Ware and the Quaboag sub-watersheds within the larger Chicopee
watershed.

The portion of the site that drains to DP-2 is within the Quaboag River sub-watershed. The Quaboag River
originates at Quaboag Pond and flows through the towns of Brookfield, West Brookfield, and Warren,
Massachusetts. As Quaboag Pond has an established Total Maximum Daily Load (TMDL) for phosphorus,
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developments and stormwater discharges within its watershed are subject to a 30% total phosphorus loading
removal requirement to address issues like algal blooms and excessive aquatic plant growth.

3.2.2 Existing Watersheds and Design Point Information
The pre-development drainage conditions were delineated into two (2) sub-catchment areas that drain to two (2)
design points:

 Design Point 1 (DP-1): Sub-catchment E1

 Design Point 2 (DP-2): Sub-catchment E2

The entire site is part of the larger Chicopee River Watershed, but the site is split between two sub-watersheds.
Sub-catchment E1 drains to DP-1, which is part of the Ware River sub-watershed. Sub-catchment E2 drains to
DP-2, which is part of the Quaboag River sub-watershed.

Refer to the Pre-Development Conditions Watershed Map in Appendix D for a depiction of the pre-
development watersheds, flow paths, and design points for the site.

Table 3-2 below illustrates the calculated pre-development conditions peak rates of runoff.

Table 3-2: Existing Conditions Peak Runoff Rates (cfs)
Point of
Analysis

2-Year Storm 10-Year Storm 100-Year Storm

DP-1 8.51 15.58 27.16

DP-2 13.60 25.27 44.43

3.3 Proposed Conditions

3.3.1 Proposed Development Collection and Conveyance
Natural drainage patterns will be maintained throughout the site to the maximum extent practicable so that the
proposed hydrologic conditions will closely match existing conditions.
Drainage catchment areas and stormwater calculations presented herein are based on the 30% Site Civil Plans
and represent a conceptual design intended to demonstrate engineering feasibility and regulatory compliance. As
site grading and BMP selection are refined during subsequent design phases, drainage catchment boundaries and
stormwater calculations will be updated accordingly. This iterative process is consistent with standard
engineering practice and does not alter the project’s commitment to full compliance with the Massachusetts
Stormwater Management Standards and applicable watershed-specific requirements.
The site has been designed with a conventional drainage system. The site’s impervious runoff is directed to a
series of catch basins and manholes which capture and convey stormwater runoff via underground pipe system
which is conveyed to two (2) proposed proprietary treatment devices for pre-treatment. In order to meet the
TMDL requirement noted in Section 3.2.1, the project is proposing the use of two (2) proprietary Jellyfish filters
downstream of the pre-treatment devices. These devices will be appropriately sized by the manufacturer to
achieve the required phosphorus reduction. Additionally, these units have been sized by the manufacturer to
avoid scouring of sediment and oils in the device during the 100-year storm. Supporting documentation
demonstrating compliance with the relevant treatment requirements is provided in Appendix F.

The majority of the Site’s flows discharge to two (2) dry detention basins upstream of their respective design
points in order to capture and attenuate peak flows prior to discharge. See Section 3.4 for additional information
on how the project meets the Massachusetts Stormwater Standards.
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A noted, the proposed dry detention basins have been designed without an infiltration component due to high
groundwater levels and the presence of low-permeability soils. To prevent infiltration and ensure long-term
stability, these basins will include an impermeable liner. Given the high groundwater conditions, buoyancy of
the liner may be a concern. During the detailed design phase, buoyancy calculations will be conducted to assess
potential uplift forces. If necessary, anchoring or other stabilization measures will be incorporated into the final
design to prevent displacement and ensure long-term performance.

The proposed subsurface storm drainage collection system is designed to convey at minimum the 25-year design
storm event throughout the site. Storm drainage pipes were sized based on calculated design flows using the
Autodesk Storm and Sanitary Analysis with the TR-20 methodology.

3.3.2 Proposed Watersheds and Design Point Information
The proposed conditions drainage patterns maintain the same design points as existing, but are broken into four
(4) sub-catchments:

 Design Point 1 (DP-1): Sub-catchments P1 and P2
 Runoff from sub-catchments P1 and P2 is treated by the proposed water quality unit/hydrodynamic

separator and Jellyfish Filter before being released to the proposed dry detention basin (Pond1) for
attenuation prior to discharge.

 Design Point 2 (DP-2): Sub-catchments P3 and P4
 Sub-catchment P3 contains no impervious area. Runoff from this area flows directly to DP-2 via a

stormwater conveyance channel. While no attenuation or treatment is provided for these flows, they
are still included in the peak flow analysis.

 Runoff from sub-catchment P4 is treated by a proposed water quality unit/hydrodynamic separator
and a Jellyfish Filter before being released to the proposed dry detention basin (Pond2) for
attenuation prior to discharge.

Refer to the Post-Development Conditions Watershed Map in Appendix D for a depiction of the post-
development watersheds, flow paths, and design points for the site.

Table 3-3 below illustrates the calculated post-development conditions peak rates of runoff.

Table 3-3: Proposed Conditions Peak Runoff Rates (cfs)
Point of Analysis 2-Year Storm 10-Year Storm 100-Year Storm

DP-1 5.10 8.81 16.35

DP-2 10.99 23.37 43.24

3.3.3 Gravel Access Road Drainage System
The 12/16/2025 Site Plan Alternative plan proposes a gravel access road intended to support construction  
and long-term O&M of the facility. The access road is located outside the fenced Battery Energy Storage System
(BESS) facility and is not intended to function as an impervious surface. At the 30% design stage, the gravel
access road is treated as a pervious surface for stormwater management purposes. Runoff from the access road
will be managed using Best Management Practice (BMP)-based conveyance, including a crowned road section
with vegetated and/or stone-lined swales to promote infiltration, sediment attenuation, and non-erosive flow
conveyance. Catch basins and piped drainage elements shown along the access road on the 30% site plans are
conceptual placeholders only, included to demonstrate potential low-point control and continuity of drainage.
During subsequent design phases, these structures are expected to be replaced in whole or in part with swales
and other non-structural BMPs, subject to final grading and detailed drainage analysis. The access road drainage
system is intended to function independently from the BESS facility stormwater basins, except where localized
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conditions necessitate controlled discharge for stability or regulatory compliance. Final drainage configuration
will be confirmed during detailed design.

3.4 Stormwater Management Standards
In accordance with the Massachusetts Stormwater Handbook, the following stormwater management standards
are provided. The proposed stormwater management system has been designed to comply with the currently
approved Massachusetts Stormwater Standards as outlined in the MassDEP Stormwater Handbook. It is
acknowledged that proposed revisions to the Stormwater Standards are under review but have not yet been
formally adopted. While these updates are not yet enforceable, the design has incorporated aspects of the
proposed changes where feasible to align with anticipated future requirements. If the updated Stormwater
Standards are adopted prior to project approval, a review of the final approved regulations against the current
design will be conducted to determine any necessary modifications to ensure compliance.

Stormwater runoff from impervious areas within the fenced BESS facility will be collected, treated, and
managed in accordance with applicable Stormwater Standards, including peak flow attenuation and water quality
treatment. The stormwater management system has been designed to ensure no adverse impacts to downstream
resources and to maintain pre-development hydrologic conditions to the maximum extent practicable. The
gravel access road proposed in the 12/16/2025 Site Plan Alternative plan does not require treatment for Total
Suspended Solids (TSS) under the Stormwater Handbook; however, erosion control, stabilization, and non-erosive 
conveyance are incorporated into the design through BMP-based drainage measures.

3.4.1 Standard 1 – No New Untreated Discharge
The Massachusetts Stormwater Handbook states that no new stormwater conveyances may discharge untreated
stormwater directly to or cause erosions in wetlands or waters of the Commonwealth. The project treats all
stormwater runoff from impervious areas via proprietary treatment devices on-site prior to discharge.

Additionally, to prevent erosion and sedimentation, BMPs and associated pipes and other conveyances must be
properly designed and installed in accordance with Volume 2 of the Massachusetts Stormwater Handbook. A
downstream analysis has been completed to confirm that the proposed outfalls are non-erosive.

3.4.2 Standard 2 – Peak Rate Attenuation
The Massachusetts Stormwater Handbook states that stormwater management systems shall be designed so that
post-development peak discharge rates do not exceed pre-development peak discharge rates. The proposed
development discharge rates are below the existing rates. A summary of the existing and proposed discharge
rates has been listed in Section 3.3 of this report and Autodesk Storm and Sanitary outputs can be found in
Appendix I.

Two (2) surface detention basins with impermeable liners will be implemented to accommodate the peak flow
mitigation requirements The detention basins will completely drain within 48 hours after the end of a storm.
Sizing calculations are shown in Appendix H.

3.4.3 Standard 3 – Recharge
Due to potentially high groundwater conditions and site soil conditions as noted in Section 2.1.1, groundwater
recharge was deemed as not feasible as the systems will not be able to achieve adequate separation from
groundwater. However, opportunity for groundwater recharge is provided through the landscaped areas on site.

3.4.4 Standard 4 –Water Quality
The required water quality volume equals 1.0 inch of runoff times the total impervious area of the post-
development project site for a discharge. As noted in Sections 2.1.1 and 3.4.3, infiltration was deemed not
feasible on this site, therefore stormwater quality will be improved through the proposed water quality units and
ultimately long-term operation and maintenance plans. The proprietary water quality units will capture and treat
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runoff from the impervious surfaces prior to discharge.These units have been sized by the manufacturer to avoid
scouring of sediment and oils in the device during the 100-year storm.

As noted in Section 3.2.1, there is an established Total Maximum Daily Load (TMDL) for phosphorus, so
stormwater discharges within the Quaboag sub-watershed are subject to a 30% total phosphorus removal
requirement. To meet this standard at the current 30% design stage, phosphorus removal within the Quaboag
drainage area is addressed conceptually through a combination of:

1. Vegetated and/or stone-lined swales providing soil contact and infiltration

2. Distributed BMP-based treatment along drainage flow paths

3. Structural treatment measures (e.g., proprietary Jellyfish Filter filtration systems) where required to
supplement non-structural BMP performance

The proposed treatment devices have been sized to meet the required water quality flow (QWf) and bypass flows
from greater storm events. See Appendix F for water quality calculations and supporting documentation from
the manufacturer. Final phosphorus load calculations, BMP sizing, and allocation between structural and non-
structural controls will be completed during detailed design once final grading and drainage catchment areas are
established.

The Massachusetts Stormwater Handbook also requires systems to be designed to remove 80% of the average
annual post-development Total Suspended Solids (TSS). According to the automated calculations, the proposed
treatment train results in 96% TSS removal across the Site. The TSS removal calculations were completed using
the automated Excel spreadsheet from the MassDEP website. TSS removal calculations and material from the
manufacturer is included in Appendix G.

3.4.5 Standard 5 – Land Uses with Higher Potential Pollutant Loads (LUHPPLs)
This proposed battery storage facility is not considered a Land Use with Higher Potential Pollutant Loads.
Therefore, Standard 5 does not apply.

3.4.6 Standard 6 – Critical Areas
There are no Areas of Critical Environmental Concern located on the project site.

As noted in Section 2.1.3, the western portion of the site is located within Zone A, Zone B, and Zone C of the
Surface Water Supply Protection Area. The proposed project includes access roadway improvements within the
Zone C area; however, no stormwater discharges are proposed in the overlay areas. All stormwater from the
improved roadway areas will be managed in accordance with the MassDEP Stormwater Standards, ensuring that
runoff is directed to appropriate treatment and discharge locations outside of the protection areas. As no new
stormwater discharges are occurring within the protection areas, the project does not impact water quality or
require additional stormwater mitigation measures for that area. Regardless, the stormwater management system
for this project is still designed for the more stringent the 1-inch runoff depth for the calculated water quality
treatment volume.

3.4.7 Standard 7 – Redevelopment
The Site is not considered a redevelopment or infill project so Standard 6 does not apply.

3.4.8 Standard 8 – Construction Period Pollution Prevention and Erosion and Sedimentation Control
The project has provided erosion and sedimentation control drawings for the demolition and construction periods
and will provide a separate report regarding long term stabilization of the site at a subsequent design phase. A
construction phasing plan will be established after the bidding phase for this project when a contractor has been
selected at which time the Stormwater Pollution Prevention Plan will be prepared and submitted.

Because the Project will disturb more than one (1) acre of land, a Notice of Intent will be submitted to the
Environmental Protection Agency (EPA) for coverage under the National Pollution Discharge Elimination
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System (NPDES) Construction General Permit. As part of this application the Applicant is required to prepare a
Stormwater Pollution Prevention Plan (SWPPP) and implement the measures in the SWPPP. The SWPPP, which
is to be kept on site, includes erosion and sediment controls (stabilization practices and structural practices),
temporary and permanent stormwater management measures, Contractor inspection schedules and reporting of
all SWPPP features, materials management, waste disposal, off-site vehicle tracking, spill prevention and
response, sanitation, and non-stormwater discharges

The soil erosion and sediment control measures that will be proposed as part of this project include erosion
control barriers like geotextile silt fences and compost filter socks, stabilization practices, phased construction
sequencing, and a construction entrance. The 12/16/2025 Site Plan Alternative gravel access road will also be  
constructed to prevent sediment transport, rutting, or channelized flow during and after construction. Construction 
BMPs must be maintained. Construction period pollution prevention and erosion and sediment control shall meet  
the requirements for the most current EPA Construction General Permit (CGP) for all projects requiring coverage
under the CGP. A project-specific Stormwater Pollution Prevention Plan (SWPPP) will be prepared prior to
construction and updated as necessary to reflect final drainage design. See details below.

Short Term Erosion Control:

The proposed erosion and sedimentation controls consider the specific characteristics of the site and the
anticipated construction activities. They have been designed in accordance with the latest MassDEP Guidelines
for Soil Erosion and Sediment Control.

Construction Entrances:

Construction entrances will be utilized to remove sediment from construction vehicle tires and prevent it from
being tracked onto adjoining paved roadway areas. Maintain the pad in a condition that will prevent tracking and
washing of sediment onto paved surfaces. Place additional clean gravel on top of gravel that has become silted or
remove the silted gravel and replace the gravel to the depth removed with clean gravel, as conditions warrant.
Remove immediately all sediment spilled, dropped, washed, or tracked onto paved surfaces.

Erosion Control Barriers:

Prior to any construction activity, barriers will be placed at the downgradient limits of construction and adjacent
to the wetlands. Barriers will be inspected at least once a week and within 24 hours after the end of a storm
generating a discharge. Barriers will be maintained until the contributing disturbed areas are stabilized.

Inlet Protection:

Prior to any construction activity, inlet protection will be placed at the downgradient catch basins and inlets.
Inlet protection should be inspected at least once a week and within 24 hours after the end of a storm generating
a discharge. Inlet protection will be maintained until the contributing disturbed areas are restored.

Stockpile Management:

The topsoil stockpiles which will be idle for at least 30 days will be stabilized with temporary seed and mulch no
later than 7 days from the last use. Small stockpiles may be covered with impervious tarps or erosion control
matting in lieu of seeding and mulching. A geotextile silt fence or hay bale barrier will be installed around the
stockpile area approximately 10 feet from the proposed toe of the slope. Inspect temporary stockpiles at the end
of each workday to ensure that tarps are in place and secured.

3.4.9 Standard 9 – Operation and Maintenance Plan
A post-construction Stormwater Operation and Maintenance (O&M) Plan, which identifies required inspection
and maintenance activities for structural stormwater BMPs is provided in Appendix J. The owner shall be
responsible for construction operation and maintenance of the site.
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3.4.10 Standard 10 – Prohibition of Illicit Discharges
No illicit discharges as outlined in Massachusetts Stormwater Handbook are proposed as part of this project.

4. Summary

In summary, the proposed stormwater management system design, illustrated within the site development
drawings prepared by Arup meets the standards set forth in the Massachusetts Stormwater Handbook. The
proposed development results in an increase in impervious area when compared to existing conditions. To
manage the increase in runoff associated with the increase in impervious area, the project includes the utilization
of two dry detention basins for peak flow mitigation. As outlined in the tables above, the proposed stormwater
management system as designed will provide a decrease in peak rates of runoff from the proposed facility for the
2-, 10-, and 100-year storm events. The project has been designed to the greatest extent feasible to maintain
existing site hydrology. As a result, the proposed project will not result in any adverse conditions to the
surrounding areas and properties. Supporting documentation and stormwater-related computations are contained
in the Appendices of this report.
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Appendix A: MassDEP Stormwater Checklist
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Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report
A. Introduction

Important: When
filling out forms
on the computer,
use only the tab
key to move your
cursor - do not
use the return
key.

A Stormwater Report must be submitted with the Notice of Intent permit application to document
compliance with the Stormwater Management Standards. The following checklist is NOT a substitute for
the Stormwater Report (which should provide more substantive and detailed information) but is offered
here as a tool to help the applicant organize their Stormwater Management documentation for their
Report and for the reviewer to assess this information in a consistent format. As noted in the Checklist,
the Stormwater Report must contain the engineering computations and supporting information set forth in
Volume 3 of the Massachusetts Stormwater Handbook. The Stormwater Report must be prepared and
certified by a Registered Professional Engineer (RPE) licensed in the Commonwealth.

The Stormwater Report must include:
 The Stormwater Checklist completed and stamped by a Registered Professional Engineer (see

page 2) that certifies that the Stormwater Report contains all required submittals.1 This Checklist
is to be used as the cover for the completed Stormwater Report.

 Applicant/Project Name
 Project Address
 Name of Firm and Registered Professional Engineer that prepared the Report
 Long-Term Pollution Prevention Plan required by Standards 4-6
 Construction Period Pollution Prevention and Erosion and Sedimentation Control Plan required

by Standard 82

 Operation and Maintenance Plan required by Standard 9

In addition to all plans and supporting information, the Stormwater Report must include a brief narrative
describing stormwater management practices, including environmentally sensitive site design and LID
techniques, along with a diagram depicting runoff through the proposed BMP treatment train.  Plans are
required to show existing and proposed conditions, identify all wetland resource areas, NRCS soil types,
critical areas, Land Uses with Higher Potential Pollutant Loads (LUHPPL), and any areas on the site
where infiltration rate is greater than 2.4 inches per hour.   The Plans shall identify the drainage areas for
both existing and proposed conditions at a scale that enables verification of supporting calculations.

As noted in the Checklist, the Stormwater Management Report shall document compliance with each of
the Stormwater Management Standards as provided in the Massachusetts Stormwater Handbook.  The
soils evaluation and calculations shall be done using the methodologies set forth in Volume 3 of the
Massachusetts Stormwater Handbook.

To ensure that the Stormwater Report is complete, applicants are required to fill in the Stormwater Report
Checklist by checking the box to indicate that the specified information has been included in the
Stormwater Report.  If any of the information specified in the checklist has not been submitted, the
applicant must provide an explanation.  The completed Stormwater Report Checklist and Certification
must be submitted with the Stormwater Report.

1 The Stormwater Report may also include the Illicit Discharge Compliance Statement required by Standard 10.  If not included in
the Stormwater Report, the Illicit Discharge Compliance Statement must be submitted prior to the discharge of stormwater runoff to
the post-construction best management practices.

2 For some complex projects, it may not be possible to include the Construction Period Erosion and Sedimentation Control Plan in
the Stormwater Report.  In that event, the issuing authority has the discretion to issue an Order of Conditions that approves the
project and includes a condition requiring the proponent to submit the Construction Period Erosion and Sedimentation Control Plan
before commencing any land disturbance activity on the site.
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Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report
Checklist (continued)
LID Measures: Stormwater Standards require LID measures to be considered.  Document what
environmentally sensitive design and LID Techniques were considered during the planning and design of
the project:

No disturbance to any Wetland Resource Areas

Site Design Practices (e.g. clustered development, reduced frontage setbacks)

Reduced Impervious Area (Redevelopment Only)

Minimizing disturbance to existing trees and shrubs

LID Site Design Credit Requested:

Credit 1

Credit 2

Credit 3

Use of “country drainage” versus curb and gutter conveyance and pipe

Bioretention Cells (includes Rain Gardens)

Constructed Stormwater Wetlands (includes Gravel Wetlands designs)

Treebox Filter

Water Quality Swale

Grass Channel

Green Roof

Other (describe):

Standard 1: No New Untreated Discharges

No new untreated discharges

Outlets have been designed so there is no erosion or scour to wetlands and waters of the
Commonwealth

Supporting calculations specified in Volume 3 of the Massachusetts Stormwater Handbook included.
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Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report
Checklist (continued)

Standard 2:  Peak Rate Attenuation

Standard 2 waiver requested because the project is located in land subject to coastal storm flowage
and stormwater discharge is to a wetland subject to coastal flooding.
Evaluation provided to determine whether off-site flooding increases during the 100-year 24-hour
storm.

Calculations provided to show that post-development peak discharge rates do not exceed pre-
development rates for the 2-year and 10-year 24-hour storms.  If evaluation shows that off-site
flooding increases during the 100-year 24-hour storm, calculations are also provided to show that
post-development peak discharge rates do not exceed pre-development rates for the 100-year 24-
hour storm.

Standard 3: Recharge

Soil Analysis provided.

Required Recharge Volume calculation provided.

Required Recharge volume reduced through use of the LID site Design Credits.

Sizing the infiltration, BMPs is based on the following method:  Check the method used.

 Static  Simple Dynamic  Dynamic Field1

Runoff from all impervious areas at the site discharging to the infiltration BMP.

Runoff from all impervious areas at the site is not discharging to the infiltration BMP and calculations
are provided showing that the drainage area contributing runoff to the infiltration BMPs is sufficient to
generate the required recharge volume.

Recharge BMPs have been sized to infiltrate the Required Recharge Volume.

Recharge BMPs have been sized to infiltrate the Required Recharge Volume only to the maximum
extent practicable for the following reason:

Site is comprised solely of C and D soils and/or bedrock at the land surface

M.G.L. c. 21E sites pursuant to 310 CMR 40.0000

Solid Waste Landfill pursuant to 310 CMR 19.000

Project is otherwise subject to Stormwater Management Standards only to the maximum extent
practicable.

Calculations showing that the infiltration BMPs will drain in 72 hours are provided.

Property includes a M.G.L. c. 21E site or a solid waste landfill and a mounding analysis is included.

1 80% TSS removal is required prior to discharge to infiltration BMP if Dynamic Field method is used.
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Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report
Checklist (continued)

Standard 3: Recharge (continued)

The infiltration BMP is used to attenuate peak flows during storms greater than or equal to the 10-
year 24-hour storm and separation to seasonal high groundwater is less than 4 feet and a mounding
analysis is provided.

Documentation is provided showing that infiltration BMPs do not adversely impact nearby wetland
resource areas.

Standard 4: Water Quality

The Long-Term Pollution Prevention Plan typically includes the following:
 Good housekeeping practices;
 Provisions for storing materials and waste products inside or under cover;
 Vehicle washing controls;
 Requirements for routine inspections and maintenance of stormwater BMPs;
 Spill prevention and response plans;
 Provisions for maintenance of lawns, gardens, and other landscaped areas;
 Requirements for storage and use of fertilizers, herbicides, and pesticides;
 Pet waste management provisions;
 Provisions for operation and management of septic systems;
 Provisions for solid waste management;
 Snow disposal and plowing plans relative to Wetland Resource Areas;
 Winter Road Salt and/or Sand Use and Storage restrictions;
 Street sweeping schedules;
 Provisions for prevention of illicit discharges to the stormwater management system;
 Documentation that Stormwater BMPs are designed to provide for shutdown and containment in the

event of a spill or discharges to or near critical areas or from LUHPPL;
 Training for staff or personnel involved with implementing Long-Term Pollution Prevention Plan;
 List of Emergency contacts for implementing Long-Term Pollution Prevention Plan.

A Long-Term Pollution Prevention Plan is attached to Stormwater Report and is included as an
attachment to the Wetlands Notice of Intent.
Treatment BMPs subject to the 44% TSS removal pretreatment requirement and the one inch rule for
calculating the water quality volume are included, and discharge:

is within the Zone II or Interim Wellhead Protection Area

is near or to other critical areas

is within soils with a rapid infiltration rate (greater than 2.4 inches per hour)

involves runoff from land uses with higher potential pollutant loads.

The Required Water Quality Volume is reduced through use of the LID site Design Credits.

Calculations documenting that the treatment train meets the 80% TSS removal requirement and, if
applicable, the 44% TSS removal pretreatment requirement, are provided.
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Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report
Checklist (continued)

Standard 4: Water Quality (continued)

The BMP is sized (and calculations provided) based on:

The ½” or 1” Water Quality Volume or

The equivalent flow rate associated with the Water Quality Volume and documentation is
provided showing that the BMP treats the required water quality volume.

The applicant proposes to use proprietary BMPs, and documentation supporting use of proprietary
BMP and proposed TSS removal rate is provided.  This documentation may be in the form of the
propriety BMP checklist found in Volume 2, Chapter 4 of the Massachusetts Stormwater Handbook
and submitting copies of the TARP Report, STEP Report, and/or other third party studies verifying
performance of the proprietary BMPs.

A TMDL exists that indicates a need to reduce pollutants other than TSS and documentation showing
that the BMPs selected are consistent with the TMDL is provided.

Standard 5: Land Uses With Higher Potential Pollutant Loads (LUHPPLs)
The NPDES Multi-Sector General Permit covers the land use and the Stormwater Pollution
Prevention Plan (SWPPP) has been included with the Stormwater Report.
The NPDES Multi-Sector General Permit covers the land use and the SWPPP will be submitted prior
to the discharge of stormwater to the post-construction stormwater BMPs.

The NPDES Multi-Sector General Permit does not cover the land use.

LUHPPLs are located at the site and industry specific source control and pollution prevention
measures have been proposed to reduce or eliminate the exposure of LUHPPLs to rain, snow, snow
melt and runoff, and been included in the long term Pollution Prevention Plan.

All exposure has been eliminated.

All exposure has not been eliminated and all BMPs selected are on MassDEP LUHPPL list.

The LUHPPL has the potential to generate runoff with moderate to higher concentrations of oil and
grease (e.g. all parking lots with >1000 vehicle trips per day) and the treatment train includes an oil
grit separator, a filtering bioretention area, a sand filter or equivalent.

Standard 6: Critical Areas

The discharge is near or to a critical area and the treatment train includes only BMPs that MassDEP
has approved for stormwater discharges to or near that particular class of critical area.

Critical areas and BMPs are identified in the Stormwater Report.

Exhibit MS-B Supplemental 
EFSB 25-07 

Page 20 of 245
Attachment A 

EFSB 26-01 
Page 77 of 302



APPEND~1.DOC • 03/18/25 Stormwater Report Checklist • Page 7 of 8

The linked image cannot be displayed.  The  
file may have been moved, renamed, or  
deleted. Verify that the link points to the  
correct file and location .

Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report
Checklist (continued)

Standard 7: Redevelopments and Other Projects Subject to the Standards only to the maximum
extent practicable

The project is subject to the Stormwater Management Standards only to the maximum Extent
Practicable as a:

Limited Project

Small Residential Projects: 5-9 single family houses or 5-9 units in a multi-family development
provided there is no discharge that may potentially affect a critical area.
Small Residential Projects: 2-4 single family houses or 2-4 units in a multi-family development
with a discharge to a critical area
Marina and/or boatyard provided the hull painting, service and maintenance areas are protected
from exposure to rain, snow, snow melt and runoff

Bike Path and/or Foot Path

Redevelopment Project

Redevelopment portion of mix of new and redevelopment.

Certain standards are not fully met (Standard No. 1, 8, 9, and 10 must always be fully met) and an
explanation of why these standards are not met is contained in the Stormwater Report.
The project involves redevelopment and a description of all measures that have been taken to
improve existing conditions is provided in the Stormwater Report.  The redevelopment checklist found
in Volume 2 Chapter 3 of the Massachusetts Stormwater Handbook may be used to document that
the proposed stormwater management system (a) complies with Standards 2, 3 and the pretreatment
and structural BMP requirements of Standards 4-6 to the maximum extent practicable and (b)
improves existing conditions.

Standard 8: Construction Period Pollution Prevention and Erosion and Sedimentation Control

A Construction Period Pollution Prevention and Erosion and Sedimentation Control Plan must include the
following information:

 Narrative;
 Construction Period Operation and Maintenance Plan;
 Names of Persons or Entity Responsible for Plan Compliance;
 Construction Period Pollution Prevention Measures;
 Erosion and Sedimentation Control Plan Drawings;
 Detail drawings and specifications for erosion control BMPs, including sizing calculations;
 Vegetation Planning;
 Site Development Plan;
 Construction Sequencing Plan;
 Sequencing of Erosion and Sedimentation Controls;
 Operation and Maintenance of Erosion and Sedimentation Controls;
 Inspection Schedule;
 Maintenance Schedule;
 Inspection and Maintenance Log Form.

A Construction Period Pollution Prevention and Erosion and Sedimentation Control Plan containing
the information set forth above has been included in the Stormwater Report.
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Massachusetts Department of Environmental Protection
Bureau of Resource Protection - Wetlands Program

Checklist for Stormwater Report
Checklist (continued)

Standard 8: Construction Period Pollution Prevention and Erosion and Sedimentation Control
(continued)

The project is highly complex and information is included in the Stormwater Report that explains why
it is not possible to submit the Construction Period Pollution Prevention and Erosion and
Sedimentation Control Plan with the application. A Construction Period Pollution Prevention and
Erosion and Sedimentation Control has not been included in the Stormwater Report but will be
submitted before land disturbance begins.

The project is not covered by a NPDES Construction General Permit.

The project is covered by a NPDES Construction General Permit and a copy of the SWPPP is in the
Stormwater Report.
The project is covered by a NPDES Construction General Permit but no SWPPP been submitted.
The SWPPP will be submitted BEFORE land disturbance begins.

Standard 9: Operation and Maintenance Plan

The Post Construction Operation and Maintenance Plan is included in the Stormwater Report and
includes the following information:

Name of the stormwater management system owners;

Party responsible for operation and maintenance;

Schedule for implementation of routine and non-routine maintenance tasks;

Plan showing the location of all stormwater BMPs maintenance access areas;

Description and delineation of public safety features;

Estimated operation and maintenance budget; and

Operation and Maintenance Log Form.

The responsible party is not the owner of the parcel where the BMP is located and the Stormwater
Report includes the following submissions:

A copy of the legal instrument (deed, homeowner’s association, utility trust or other legal entity)
that establishes the terms of and legal responsibility for the operation and maintenance of the
project site stormwater BMPs;

A plan and easement deed that allows site access for the legal entity to operate and maintain
BMP functions.

Standard 10: Prohibition of Illicit Discharges

The Long-Term Pollution Prevention Plan includes measures to prevent illicit discharges;

An Illicit Discharge Compliance Statement is attached;

NO Illicit Discharge Compliance Statement is attached but will be submitted prior to the discharge of
any stormwater to post-construction BMPs.

Exhibit MS-B Supplemental 
EFSB 25-07 

Page 22 of 245
Attachment A 

EFSB 26-01 
Page 79 of 302



Rhynland Energy Moraga Storage LLC - ZOVL (Oakham, MA)

2 | | December 16, 2025 | Arup US, Inc. Stormwater Management Report

Appendix B: FEMA Firm Panel
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Appendix C: NRCS Soil Survey & Environmental Data
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Hydrologic Soil Group—Worcester County, Massachusetts, Northwestern Part

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

2/5/2025
Page 1 of 4
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Rating Polygons

A

A/D

B

B/D

C

C/D

D

Not rated or not available

Soil Rating Lines
A

A/D

B

B/D

C

C/D

D

Not rated or not available

Soil Rating Points
A

A/D

B

B/D

C

C/D

D

Not rated or not available

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:25,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Worcester County, Massachusetts, 
Northwestern Part
Survey Area Data: Version 18, Aug 27, 2024

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Oct 15, 2020—Oct 
31, 2020

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.

Hydrologic Soil Group—Worcester County, Massachusetts, Northwestern Part

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

2/5/2025
Page 2 of 4
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Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

1 Water 0.1 0.1%

910C Woodbridge-Paxton 
association, 3 to 15 
percent slopes, 
extremely stony

C/D 55.0 87.5%

918B Ridgebury-Whitman 
association, 0 to 8 
percent slopes, 
extremely stony

D 6.4 10.2%

927C Montauk-Scituate-
Canton association, 3 
to 15 percent slopes, 
extremely stony

C 1.4 2.2%

Totals for Area of Interest 62.8 100.0%

Hydrologic Soil Group—Worcester County, Massachusetts, Northwestern Part

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

2/5/2025
Page 3 of 4
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Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive 
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when 
thoroughly wet. These consist mainly of deep, well drained to excessively 
drained sands or gravelly sands. These soils have a high rate of water 
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well 
drained soils that have moderately fine texture to moderately coarse texture. 
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of 
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay 
layer at or near the surface, and soils that are shallow over nearly impervious 
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in 
their natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 

Tie-break Rule: Higher

Hydrologic Soil Group—Worcester County, Massachusetts, Northwestern Part

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

2/5/2025
Page 4 of 4
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Surface Water Supply
DEP 2013 Boundaries for Tributaries
thereto Watersheds

Major Watersheds

Property Tax Parcels

Detailed Features

Zone A

Zone B

Zone C

Surface Water Supply Watersheds
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Rhynland Energy Moraga Storage LLC - ZOVL (Oakham, MA)

2 | | December 16, 2025 | Arup US, Inc. Stormwater Management Report
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25 Year 7.4 in/hr <<RMAT Mid-Century Rainfall
LOCATION IMPERVIOUS

DP-1
CB-1 MH-1 0.14 0.95 0.14 0.00 0.30 0.00 0.14 6 7.4 1.01 8 0.030 HDPE 0.012 2.27 6.50

MH-1 MH-2 0.14 0.95 0.14 0.00 0.30 0.00 0.14 6 7.4 1.01 8 0.006 HDPE 0.012 1.01 2.90

MH-2 MH-3 0.14 0.95 0.14 0.00 0.30 0.00 0.14 6 7.4 1.01 8 0.007 HDPE 0.012 1.07 3.07

CB-2 MH-4 0.12 0.95 0.11 0.00 0.30 0.00 0.11 6 7.4 0.82 8 0.013 HDPE 0.012 1.46 4.19

MH-3 MH-4 0.14 0.95 0.14 0.00 0.30 0.00 0.14 6 7.4 1.01 8 0.017 HDPE 0.012 1.70 4.88

MH-4 MH-5 0.26 0.95 0.25 0.00 0.30 0.00 0.25 6 7.4 1.84 8 0.048 HDPE 0.012 2.87 8.22

CB-3 MH-5 0.12 0.95 0.12 0.00 0.30 0.00 0.12 6 7.4 0.86 8 0.010 HDPE 0.012 1.31 3.75

MH-5 MH-7 0.38 0.95 0.36 0.00 0.30 0.00 0.36 6 7.4 2.70 8 0.050 HDPE 0.012 2.93 8.39

CB-4 MH-6 0.08 0.95 0.07 0.05 0.30 0.01 0.09 6 7.4 0.64 8 0.008 HDPE 0.012 1.17 3.35

MH-6 MH-7 0.08 0.95 0.07 0.05 0.30 0.01 0.09 6 7.4 0.64 8 0.006 HDPE 0.012 1.04 2.98

MH-7 MH-8 0.46 0.95 0.44 0.05 0.30 0.01 0.45 6 7.4 3.33 12 0.026 HDPE 0.012 6.22 7.92

CB-5 MH-8 0.21 0.95 0.20 0.16 0.30 0.05 0.25 6 7.4 1.83 12 0.010 HDPE 0.012 3.86 4.91

MH-8 MH-12 0.67 0.95 0.64 0.21 0.30 0.06 0.70 6 7.4 5.16 18 0.007 HDPE 0.012 9.52 5.39

HDS-1 JFV-1 0.74 0.95 0.71 1.23 0.30 0.37 1.07 6 7.4 7.95 24 0.006 HDPE 0.012 18.98 6.04

JFV-1 POND1 0.74 0.95 0.71 1.23 0.30 0.37 1.07 6 7.4 7.95 24 0.005 HDPE 0.012 17.33 5.52

CB-6 MH-9 0.01 0.95 0.01 0.00 0.30 0.00 0.01 6 7.4 0.05 8 0.013 HDPE 0.012 1.46 4.19

MH-9 MH-10 0.01 0.95 0.01 0.00 0.30 0.00 0.01 6 7.4 0.05 8 0.006 HDPE 0.012 1.00 2.86

CB-7 MH-10 0.00 0.95 0.00 0.55 0.30 0.17 0.17 6 7.4 1.24 12 0.013 HDPE 0.012 4.32 5.49

MH-10 MH-11 0.01 0.95 0.01 0.55 0.30 0.17 0.17 6 7.4 1.28 12 0.030 HDPE 0.012 6.69 8.51

CB-8 MH-11 0.06 0.95 0.06 0.47 0.30 0.14 0.20 6 7.4 1.51 12 0.010 HDPE 0.012 3.86 4.91

MH-11 MH-12 0.07 0.95 0.07 1.02 0.30 0.31 0.38 6 7.4 2.79 24 0.007 HDPE 0.012 19.76 6.29

MH-12 HDS-1 0.74 0.95 0.71 1.50 0.30 0.45 1.15 6 7.4 8.55 24 0.005 HDPE 0.012 17.84 5.68

Design Period Storm:

Rational Pipe Sizing Calculations

C CA CA
Tc

(min)

Design Period Intensity

SUM    CAFROM TO A A C

PERVIOUS I
(in/hr)

Q
(cfs)

Moraga Storage LLC - ZOVL
358 Coldbrook Road

Oakham, MA

3/18/2025
Arup Job Number: 296229

D
(in)

Q Full
(cfs)

V Full
(fps)

S
(ft/ft) Material n

Prepared By:
ARUP
60 State Street
Boston, MA 02109
(617) 864-2987 3/17/2025
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DP-2
CB-9 MH-13 0.16 0.95 0.16 0.14 0.30 0.04 0.20 6 7.4 1.46 8 0.025 HDPE 0.012 2.07 5.93

MH-13 MH-14 0.16 0.95 0.16 0.14 0.30 0.04 0.20 6 7.4 1.46 12 0.009 HDPE 0.012 3.66 4.66

MH-14 MH-18 0.16 0.95 0.16 0.14 0.30 0.04 0.20 6 7.4 1.46 12 0.040 HDPE 0.012 7.72 9.83

CB-10 MH-15 0.19 0.95 0.18 0.15 0.30 0.05 0.23 6 7.4 1.67 8 0.025 HDPE 0.012 2.07 5.93

MH-15 MH-16 0.19 0.95 0.18 0.15 0.30 0.05 0.23 6 7.4 1.67 12 0.009 HDPE 0.012 3.64 4.64

CB-11 MH-16 0.19 0.95 0.18 0.30 0.30 0.09 0.27 6 7.4 1.98 8 0.025 HDPE 0.012 2.07 5.93

MH-16 MH-17 0.38 0.95 0.36 0.45 0.30 0.14 0.49 6 7.4 3.65 18 0.008 HDPE 0.012 10.18 5.76

CB-12 MH-17 0.38 0.95 0.36 0.34 0.30 0.10 0.47 6 7.4 3.45 12 0.025 HDPE 0.012 6.10 7.77

MH-17 MH-18 0.76 0.95 0.72 0.79 0.30 0.24 0.96 6 7.4 7.10 18 0.009 HDPE 0.012 10.80 6.11

MH-18 MH-22 0.92 0.95 0.88 0.93 0.30 0.28 1.16 6 7.4 8.56 18 0.008 HDPE 0.012 10.18 5.76

CB-16 MH-22 0.38 0.95 0.36 0.34 0.30 0.10 0.46 6 7.4 3.39 12 0.025 HDPE 0.012 6.10 7.77

MH-22 HDS-2 1.30 0.95 1.23 1.27 0.30 0.38 1.61 6 7.4 11.95 18 0.020 HDPE 0.012 16.09 9.11

CB-13 MH-19 0.21 0.95 0.20 0.29 0.30 0.09 0.28 6 7.4 2.10 12 0.025 HDPE 0.012 6.10 7.77

MH-19 MH-20 0.21 0.95 0.20 0.29 0.30 0.09 0.28 6 7.4 2.10 12 0.009 HDPE 0.012 3.66 4.66

CB-14 MH-20 0.19 0.95 0.18 0.33 0.30 0.10 0.28 6 7.4 2.05 8 0.025 HDPE 0.012 2.07 5.93

MH-20 MH-21 0.39 0.95 0.37 0.62 0.30 0.19 0.56 6 7.4 4.15 18 0.010 HDPE 0.012 11.49 6.50

CB-15 MH-21 0.22 0.95 0.21 0.21 0.30 0.06 0.27 6 7.4 2.02 8 0.025 HDPE 0.012 2.07 5.93

MH-21 HDS-2 0.62 0.95 0.59 0.83 0.30 0.25 0.83 6 7.4 6.18 18 0.020 HDPE 0.012 16.09 9.11

HDS-2 JFV-2 1.92 0.95 1.82 2.10 0.30 0.63 2.45 6 7.4 18.13 24 0.012 HDPE 0.012 26.85 8.55

JFV-2 POND2 1.92 0.95 1.82 2.10 0.30 0.63 2.45 6 7.4 18.13 24 0.006 HDPE 0.012 18.98 6.04

Prepared By:
ARUP
60 State Street
Boston, MA 02109
(617) 864-2987 3/17/2025
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Appendix F: Water Quality Calculations
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WQV = 1.0 inches
Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table

A (impervious area) = 0.000225 sq mi
WQF = 0.174 cfs

WQV = 1.0 inches
Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table

A (impervious area) = 0.000183 sq mi
WQF = 0.141 cfs

Total WQF = 0.316 cfs CBs #1-2

WQV = 1.0 inches
Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table

A (impervious area) = 0.000191 sq mi
WQF = 0.148 cfs

Total WQF = 0.464 cfs CBs #1-3

WQV = 1.0 inches
Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table

A (impervious area) = 0.000118 sq mi
WQF = 0.091 cfs

Total WQF = 0.555 cfs CBs #1-4

Moraga Storage LLC - ZOVL
358 Coldbrook Road

Oakham, MA

Catch Basin #1 (CB-1)
WQF = (qu) x (A) x (WQV) 

Catch Basin #2 (CB-2)
WQF = (qu) x (A) x (WQV) 

Catch Basin #3 (CB-3)
WQF = (qu) x (A) x (WQV) 

Catch Basin #4 (CB-4)
WQF = (qu) x (A) x (WQV) 

DRY POND 1

Arup Job Number: 296229
March 18, 2025

 Water Quality Volume (WQV) Calculation

Prepared By: 
Arup
60 State Street, 10th Floor
Boston, MA 02109
(617) 864-2987
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WQV = 1.0 inches
Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table

A (impervious area) = 0.000328 sq mi
WQF = 0.254 cfs

Total WQF = 0.809 cfs CBs #1-5

WQV = 1.0 inches
Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table

A (impervious area) = 0.000010 sq mi
WQF = 0.008 cfs

WQV = 1.0 inches
Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table

A (impervious area) = 0.000004 sq mi
WQF = 0.003 cfs

Total WQF = 0.011 cfs CBs #6-7

WQV = 1.0 inches
Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table

A (impervious area) = 0.000101 sq mi
WQF = 0.078 cfs

Total WQF = 0.089 cfs CBs #6-8

Total WQF = 0.90 cfs CBs #1-8

WQF = (qu) x (A) x (WQV) 

Hydrodynamic Separator #1 (HDS-1)

Catch Basin #6 (CB-6)
WQF = (qu) x (A) x (WQV) 

Catch Basin #7 (CB-7)
WQF = (qu) x (A) x (WQV) 

Catch Basin #8 (CB-8)

Catch Basin #5 (CB-5)
WQF = (qu) x (A) x (WQV) 

Prepared By: 
Arup
60 State Street, 10th Floor
Boston, MA 02109
(617) 864-2987
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WQV = 1.0 inches
Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table

A (impervious area) = 0.000255 sq mi
WQF = 0.197 cfs

WQV = 1.0 inches
Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table

A (impervious area) = 0.000296 sq mi
WQF = 0.229 cfs

WQV = 1.0 inches
Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table

A (impervious area) = 0.000291 sq mi
WQF = 0.225 cfs

WQV = 1.0 inches
Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table

A (impervious area) = 0.000600 sq mi
WQF = 0.464 cfs

Total WQF = 1.116 cfs CBs #9-12

WQV = 1.0 inches
Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table

A (impervious area) = 0.000325 sq mi
WQF = 0.251 cfs

WQV = 1.0 inches

Catch Basin #11 (CB-11)
WQF = (qu) x (A) x (WQV) 

DRY POND 2

Catch Basin #9 (CB-9)
WQF = (qu) x (A) x (WQV) 

Catch Basin #10 (CB-10)
WQF = (qu) x (A) x (WQV) 

Catch Basin #12 (CB-12)
WQF = (qu) x (A) x (WQV) 

Catch Basin #13 (CB-13)
WQF = (qu) x (A) x (WQV) 

Catch Basin #14 (CB-14)
WQF = (qu) x (A) x (WQV) 

Prepared By: 
Arup
60 State Street, 10th Floor
Boston, MA 02109
(617) 864-2987
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Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table
A (impervious area) = 0.000291 sq mi

WQF = 0.225 cfs
Total WQF = 0.476 cfs CBs #13-14

WQV = 1.0 inches
Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table

A (impervious area) = 0.000348 sq mi
WQF = 0.269 cfs

Total WQF = 0.746 cfs CBs #13-15

WQV = 1.0 inches
Qu = 774.0 csm/in based on time of concentration of 6 minutes (0.1 hours) per table

A (impervious area) = 0.000587 sq mi
WQF = 0.455 cfs

Total WQF = 1.571 cfs CBs #9-12, 16

Total WQF = 2.32 cfs CBs #9-16

Catch Basin #16 (CB-16)
WQF = (qu) x (A) x (WQV) 

Hydrodynamic Separator #2 (HDS-2)

Catch Basin #15 (CB-15)
WQF = (qu) x (A) x (WQV) 

Prepared By: 
Arup
60 State Street, 10th Floor
Boston, MA 02109
(617) 864-2987
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Appendix G: TSS Removal
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Location:                        

A B C D E
TSS Removal Starting TSS Amount Remaining

BMP1 Rate1 Load* Removed (B*C) Load (C-D)
Proprietary Pretreatment 

Practice (HDS-1) 0.80 1.00 0.80 0.20

Proprietary Treatment 
Practice (JFV-1) 0.80 0.20 0.16 0.04

Total TSS Removal = 96%

Project: 296229

Prepared By: Arup *Equals remaining load from previous BMP (E)

Date: 3/18/2025 which enters the BMP

Subcatchment P1
TS

S 
R

em
ov

al
 C

al
cu

la
tio

n 
W

or
ks

he
et

Prepared By: 
Arup
60 State Street
Boston, MA 02109
(617) 864-2987 2/27/2025
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Location:                        

A B C D E
TSS Removal Starting TSS Amount Remaining

BMP1 Rate1 Load* Removed (B*C) Load (C-D)
Proprietary Pretreatment 

Practice (HDS-2) 0.80 1.00 0.80 0.20

Proprietary Treatment 
Practice (JFV-2) 0.80 0.20 0.16 0.04

Total TSS Removal = 96%

Project: 296229

Prepared By: Arup *Equals remaining load from previous BMP (E)

Date: 3/18/2025 which enters the BMP

Subcatchment P2
TS
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em
ov
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ks
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et

Prepared By: 
Arup
60 State Street
Boston, MA 02109
(617) 864-2987 2/27/2025
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January 2021 

GENERAL USE LEVEL DESIGNATION FOR  
BASIC (TSS) AND PHOSPHORUS TREATMENT 

For  
Contech Environmental Solutions Jellyfish® Filter 

Ecology’s Decision: 
1. Based on Contech Environmental Solution’s application submissions, Ecology hereby

issues a General use level designation (GULD) for Basic (TSS) and Phosphorus
Treatment for Contech’s Jellyfish® Filter:
 Sized at a hydraulic loading rate of no greater than 0.21 gpm/sf filter surface for hi-flo

cartridges and 0.11 gpm/sf filter surface for draindown cartridges

Table 1. Jellyfish® cartridge hydraulic loading rates and sediment capture capacity1

associated with various filter cartridge sizes. 

Cartridge 
Length 

Design Treatment 
Flow Rate 

Design Sediment Mass 
Loading Capacity 

15 inches         Hi-Flo    22 gpm 
Draindown    11 gpm 

        Hi-Flo   35 lbs 
Draindown    17 lbs 

27 inches         Hi-Flo    40 gpm 
Draindown    20 gpm 

       Hi-Flo   63 lbs 
Draindown   31 lbs 

40 inches         Hi-Flo   60 gpm 
Draindown   30 gpm 

       Hi-Flo   93 lbs 
Draindown   46 lbs 

54 inches         Hi-Flo   80 gpm 
Draindown   40 gpm 

       Hi-Flo 125 lbs 
Draindown 63 lbs 

1 Design sediment mass loading capacity based on laboratory testing using silica 
sediment. 
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2. Ecology approves Jellyfish® Filter units at the design treatment flow rates shown in Table
1. Total Jellyfish Filter system design treatment capacity is the sum of the design
treatment capacity of individual cartridges and must equal or exceed the water quality
design flow rate. Calculate the water quality design flow rate that must be treated by an
individual treatment system using the following procedures:

 Western Washington:  For treatment installed upstream of detention or retention, the
water quality design flow rate is the peak 15-minute flow rate as calculated using the
latest version of the Western Washington Hydrology Model or other Ecology-
approved continuous runoff model.

 Eastern Washington: For treatment installed upstream of detention or retention, the
water quality design flow rate is the peak 15-minute flow rate as calculated using
one of the three methods described in Chapter 2.7.6 of the 2019 Stormwater
Management Manual for Eastern Washington (SWMMEW) or local manual.

 Entire State: For treatment installed downstream of detention, the water quality
design flow rate is the full 2-year release rate of the detention facility.

3. The GULD has no expiration date but may be amended or revoked by Ecology.

Ecology’s Conditions of Use: 
Jellyfish® Filter units shall comply with the following conditions: 

1. Design, assemble, install, operate, and maintain Jellyfish® Filter units in accordance
with Contech’s applicable manuals and documents and this Ecology Decision.

2. Contech uses sediment-loading capacity, in conjunction with the water quality design
flow rate, to determine the target maintenance interval.

3. Jellyfish® Filters shall conform to specifications submitted to and approved by Ecology.
4. Maintenance: The required inspection/maintenance interval for stormwater treatment

devices is often dependent on the efficiency of the device and the degree of pollutant
loading from a particular drainage basin. Therefore, Ecology does not endorse or
recommend a “one size fits all” maintenance cycle for a particular model/size of
manufactured filter treatment device.

 The Jellyfish® Filter is designed for a target maintenance interval of 12 months.
Maintenance includes floatable trash, debris, and oil removal; sediment removal; and
the rinsing or replacement of filter cartridges.

 A Jellyfish® Filter tested in Dundee, OR averaged a 3.2 month maintenance interval.
Construction activities were ongoing in the drainage basin and near the monitoring
site during the first two years of the study.  Monitoring personnel observed
significant amounts of roadway sediments and organic debris in the runoff, and TSS
concentrations were higher than typical for roadway runoff. The runoff that occurred
during the study may be unusual, and the maintenance interval the Jellyfish® Filter
required may not be indicative of other, more typical, sites.
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 Owner/s operators must inspect Jellyfish® Filter systems for a minimum of twelve
months from the start of post-construction operation to determine site-specific
inspection/maintenance schedules and requirements. Owners/operators must conduct
inspections monthly during the wet season, and every other month during the dry
season. (According to the SWMMWW, the wet season in westerns Washington is
October 1 to April 30. According to the SWMMEW, the wet season in eastern
Washington is October 1 to June 30.) After the first year of operation,
owners/operators must conduct inspections based on the findings during the first
year of inspections.

 Conduct inspections by qualified personnel, follow manufacturer’s guidelines, and
use methods capable of determining either a decrease in treated effluent flow rate
and/or a decrease in pollutant removal ability.

5. Install the Jellyfish® Filter in such a manner such that flows exceeding the maximum
operating rate of the system are bypassed and will not resuspend captured sediment.

6. Discharges from the Jellyfish® Filter units shall not cause or contribute to water quality
standards violations in receiving waters.

Applicant:  CONTECH Engineered Solutions 
Applicant’s Address: 11835 NE Glenn Widing Dr  

Portland, OR  97220  

Application Documents: 

 Jellyfish® Filter Dundee, OR, General Use Level Designation Technical Evaluation

Report, Prepared by CONTECH Engineered Solutions, December 28, 2020

 Application Letter for CULD for Jellyfish Filter - Basic Treatment, Phosphorus
Treatment, and Oil Treatment, dated April 27, 2012.

 Letter from Imbrium Systems dated September 4, 2012 regarding the draft
CULD/PULD document.

 TAPE Analysis of Jellyfish Filter UF Field Study Data, prepared by Stormwater
Management Services, LLC.

 TARP Field Test Performance Monitoring of a Jellyfish Filter JF4-2-1. Performance

Monitoring Report for JF4-2-1 Prepared By: University of Florida, Engineering
School of Sustainable Infrastructure and Environment (ESSIE), University of Florida,
Gainesville, FL 32611. Final Version: 01 November 2011.

 Jellyfish Filter Systems Evaluation Report in Consideration for Pilot Level

Designation (PLD) for Imbrium Systems Corporation, by Gary R. Minton, PhD, PE,
with Resource Planning Associates in Seattle, Washington May 7, 2008 (updated July
1, 2008).
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 NJCAT Technology Verification, Jellyfish Fine Sediment Filter, by the New Jersey
Corporation for Advanced Technology (NJCAT) Program Imbrium Systems
Corporation, June 2008

Applicant’s Use Level Request: 

 General use level designation as a Basic (TSS) and Phosphorus Treatment device in
accordance with Ecology’s 2019 Stormwater Management Manual for Western
Washington.

Applicant’s Performance Claims: 
Based on results from a laboratory and field-testing, the applicant claims the Jellyfish® Filter, 
operating at a hydraulic loading rate of no more than 0.21 gpm/sf for hi-flo cartridges and 0.11 
gpm/sf for draindown cartridges, is able to remove:  

 80% of total suspended solids (TSS) for influent concentrations greater than 100 mg/L
and achieve a 20 mg/L effluent for influent concentrations less than 100 mg/L.

 50% of total phosphorus for influent concentrations 0.1 to 0.5 mg/L

Recommendations: 
Ecology finds that:  

 Contech Engineered Solutions has shown Ecology, through laboratory and field testing,
that the Jellyfish® Filter is capable of attaining Ecology’s Basic (TSS) and Total
Phosphorus treatment goals.

Findings of Fact: 
Field Testing 2017-2020 
Contech completed field testing in Dundee, OR on a Jellyfish® Filter unit containing six 54-inch 
hi-flo cartridges and one 54-inch draindown cartridge. This combination of cartridges resulted in 
a design flow capacity of 520 gpm (1.16 cfs). Since Contech conducted the field evaluation they 
contracted with Herrera Environmental Consultants to provide third party oversight. 

 The field evaluation was completed between March 2017 and April 2020. Throughout the
evaluation a total of 23 individual storm events (18 flow-weighted composite samples
and 5 peak flow grab samples) were sampled to evaluate system performance. All
sampled events met the TAPE sampling event qualification criteria, while 21 of the 23
events met the influent requirements for TSS and/or total phosphorus. Peak flows during
these 21 events ranged from 26% to 106% of the design treatment capacity of 520 gpm,
with a mean peak flow rate of 67% of design.

 Of the 23 TAPE qualified events, 21 met the requirements for TSS analysis (16 flow
weighted composite; 5 peak flow grab samples). Influent concentrations ranged from 24
mg/L to 755 mg/L, with a mean concentration of 208 mg/L. Concentrations that exceeded
the upper end of TAPE influent range were capped at 200 mg/L prior to calculating the
pollutant removal efficiency. For all samples with influent concentrations greater than
100 mg/L the bootstrap estimate of the lower 95 percent confidence limit (LCL95) of the
mean TSS reduction was 82%, meeting the 80% performance goal for Basic Treatment.
The TAPE bootstrap calculator could not be used on samples with influent concentrations
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between 20 mg/L to 100 mg/L due to the limited number of events available (n=6). For 
these events the mean and median effluent TSS concentrations were 19.7 and 18.1 mg/L 
respectively, again meeting the 20 mg/L effluent goal for Basic Treatment. 

 Of the 23 TAPE qualified events, 18 met the requirements for total phosphorus analysis
(13 flow-weighted composite; 5 peak flow grab samples). Influent concentrations ranged
from 0.211 mg/L to 1.75 mg/L, with a mean concentration of 0.535 mg/L. Concentrations
that exceeded the upper end of TAPE influent range were capped at 0.5 mg/L prior to
calculating the pollutant removal efficiency. The LCL 95 mean percent removal goal was
70.1%, meeting the 50% performance goal for Phosphorus Treatment.

 Median particle sized distribution results from three samples showed 20% of sediment
>250 µm, 31% of sediment between 62.5 to 250 µm, and 51% of sediment <62.5 µm.
This demonstrates the influent to the Jellyfish consisted of primarily silt-sized particles
(3.9 to 62.5 µm) and is thus representative of Pacific Northwest Stormwater.

 Contech encountered several unanticipated events and challenges that disrupted the
sampling and/or resulted in lost data: the Jellyfish was taken offline twice to avoid
atypical sediment loading that was the result of construction within the drainage basin;
monitoring was suspended to repair or replace equipment that was damaged from
vandalism and extreme weather; and, a cyber-attack on Contech storage drives resulted in
a loss of approximately 15% of non-sampled flow and precipitation data.

Field Testing 2010-2011 
Results (second-generation membrane filtration cartridges) – University of Florida (Gainesville, 
FL) installed and tested a Jellyfish JF4-2-1. The University conducted monitoring of the system 
from May 28, 2010 to June 27, 2011, with runoff from 15.01 inches of rainfall. The monitoring 
followed the Technology Acceptance Reciprocity Partnership (TARP) field test protocol, per the 
guidelines of the New Jersey Department of Environmental Projection (NJDEP).  The New 
Jersey Corporation for Advanced Technology (NJCAT), on May 14, 2012 certified the Jellyfish 
Filter for 80 percent TSS removal. 

 The JF4-2-1 operating at a maximum treatment flow rate of 200 gpm provided a median
total suspended solids (TSS) removal of 89 percent, and a median suspended sediment
concentration (SSC) removal of 99 percent. Influent TSS concentrations ranged from
16.3 to 261.0 mg/L. TSS concentrations in the range of 20-100 mg/L were reduced to less
than 20 mg/L for 16 of 17 events. Average TSS removal for influent TSS between 100-
200 mg/L was 90 percent.

 Other median pollutant removals included: total phosphorus, 59 percent; total nitrogen,
51 percent; total copper, 90 percent; and total zinc 70 percent.

 Total oil and grease influent concentrations ranged from 0.2 to 4.1 mg/L, with a median
removal efficiency of 62 percent.

 No maintenance was required or carried out during the 13-month monitoring period.
Curves of head loss versus flow rate were nearly identical for the system with fresh
cartridges (beginning of monitoring) and dirty cartridges (end of monitoring period). The
sump and filter cartridges captured 166 pounds of dry basis particulate matter.

Exhibit MS-B Supplemental 
EFSB 25-07 

Page 57 of 245

Attachment A 
EFSB 26-01 

Page 114 of 302



Page | 6 

 Runoff treated by the JF4-2-1 was from a nearby parking lot (approximately 75 percent
pavement and 25 percent planting islands). Depending on storm event intensity and wind
direction, the drainage area varied from 0.12 to 0.20 acres.

Laboratory Testing and Results  
Imbrium conducted testing at the Monteco Limited Research & Development Centre (RDC) in 
Mississauga, Ontario with third party testing oversight provided by Prof. James Li of Ryerson 
University in Toronto. The laboratory set-up used a single cartridge fitted into a tank sized to be 
1/7 the volume of a full-scale 7-cartridge Jellyfish Filter system. Based on the lab test results:  

 A Jellyfish Filter system fitted with a single Jellyfish cartridge or multiple Jellyfish
cartridges can remove greater than 86% Sil-Co-Sil 106 (mean particle size 22 microns)
within a 95% confidence interval of +/- 1.3% at the system’s 100% operating rate with
influent sediment concentrations ranging from 100 to 300 mg/L. For systems using 12-
inch diameter cartridges, each cartridge containing 91filtration tentacles of 54-inch
length, the 100% operating rate is 50 gpm per cartridge operating at 12 inches driving
head (i.e., 0.66 gpm/ft2). Each (of the) 91 filtration tentacles is composed of three 18-
inch long segments for a total length of 54 inches with 76 ft2 of surface area (first
generation membrane filtration cartridges).

 Test runs at 100 mg/L influent concentration resulted in effluent concentrations ranging
from 12 to 21 mg/L. Ten of the 11 test runs had effluent less than 20 mg/L (as required
for Basic Treatment).

 Sampling of effluent found an average D90 of about 14 microns indicating the Jellyfish
Filter System is capable of removing most particles above 15 microns.

Other Jellyfish Filter Related Issues Recommended to be Addressed by the Company: 
1. Conduct hydraulic testing to obtain information about maintenance requirements on a site

with runoff that is more typical of the Pacific Northwest.
Technology Description: Download at: http://www.conteches.com/products/stormwater-
management/treatment/jellyfish-filter 

Contact Information: 
Applicant:  Jeremiah Lehman 

Contech Engineered Solutions, LLC. 
11815 Glenn Widing Dr 
Portland, OR 97220 
(503) 258-3136
jlehman@conteches.com

Applicant website: www.conteches.com 
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Ecology web link:   http://www.ecy.wa.gov/programs/wq/stormwater/newtech/index.html  
Ecology: Douglas C. Howie, P.E. 

Department of Ecology 
Water Quality Program 
(360) 407-6444
douglas.howie@ecy.wa.gov

Revision History 

Date Revision 

August 2008 PULD granted 
January 2012 PULD Extension granted 
September 2012 CULD for Basic treatment; PULD for Oil and Phosphorus treatment. 
January 2013 Modifications to format document in line with other Use Level 

Documents, Changes dates for QAPP, TER, and Expiration 
August 2014 Revised contact information and due dates for QAPP, TER, and 

expiration 
March 2015 Revised Contact Information to Contech from Imbrium 
November 2016 Revised Contech contact information 
March 2018 Revised TER delivery and Expiration dates, Changed text from 

Imbrium to Contech in selected locations 
April 2019 Revised TER delivery and Expiration dates 
September 2020 Revised TER delivery and Expiration dates 
January 2021 GULD Granted 
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AREA 4.02 acres CS-6
WEIGHTED C 0.48 110 microns

TC 6.00 minutes RAINFALL STATION 71

Rainfall Intensity1

(in/hr)
Hydraulic Loading Rate

(gpm/ft2)
Removal Efficiency

(%)
Incremental Removal

(%)

0.08 2.45 100.0 37.6
0.16 4.90 100.0 22.6
0.24 7.35 100.0 11.9
0.32 9.80 100.0 7.6
0.40 12.25 100.0 4.3
0.48 14.70 98.1 2.3
0.56 17.15 95.8 1.7
0.64 19.60 93.5 1.3
0.72 22.05 91.2 0.8
0.80 24.50 88.9 1.0
0.88 26.96 86.6 1.3
0.96 29.41 84.3 0.8
1.04 31.86 82.0 0.3
1.12 34.31 79.7 0.3
1.20 36.76 77.3 0.4
1.28 39.21 75.0 0.2
1.36 41.66 72.7 0.1
1.44 44.11 70.4 0.6
1.52 46.56 68.1 0.4
1.60 49.01 65.8 0.3
1.80 55.14 60.1 0.1
2.00 61.26 54.3 0.5

96.6
0.0%

98.8%
96.6%

1 - Based on 13 years of 15 minute precipitation data for Station 0666, Birch Hill Dam, Worcester County, MA

2 - Reduction due to use of 60-minute data for a site that has a time of concentration less than 30-minutes.

HDS 2

Estimated Net Annual Solids Load Reduction
Based on the Rational Rainfall Method

ZOVL - Moraga Storage
Oakham, MA

2.3%

CASCADE MODEL
PARTICLE SIZE

Percent Rainfall
Volume1

37.6%
22.6%
11.9%
7.6%
4.3%

0.9%

1.8%
1.4%
0.9%
1.2%
1.5%
0.9%
0.4%
0.4%
0.6%
0.3%
0.2%

Removal Efficiency Adjustment2 =
Predicted % Annual Rainfall Treated =

Predicted Net Annual Load Removal Efficiency =

0.6%
0.4%
0.2%
0.9%
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AREA 2.02 acres CS-4
WEIGHTED C 0.50 110 microns

TC 6.00 minutes RAINFALL STATION 71

Rainfall Intensity1

(in/hr)
Hydraulic Loading Rate

(gpm/ft2)
Removal Efficiency

(%)
Incremental Removal

(%)

0.08 2.89 100.0 37.6
0.16 5.77 100.0 22.6
0.24 8.66 100.0 11.9
0.32 11.54 100.0 7.6
0.40 14.43 98.3 4.3
0.48 17.32 95.6 2.2
0.56 20.20 92.9 1.7
0.64 23.09 90.2 1.2
0.72 25.97 87.5 0.8
0.80 28.86 84.8 1.0
0.88 31.75 82.1 1.2
0.96 34.63 79.3 0.7
1.04 37.52 76.6 0.3
1.12 40.40 73.9 0.3
1.20 43.29 71.2 0.4
1.28 46.17 68.5 0.2
1.36 49.06 65.8 0.1
1.44 51.95 63.1 0.6
1.52 54.83 60.4 0.3
1.60 57.72 57.6 0.2
1.80 64.93 50.9 0.1
2.00 72.15 44.1 0.4

95.8
0.0%

98.8%
95.8%

1 - Based on 13 years of 15 minute precipitation data for Station 0666, Birch Hill Dam, Worcester County, MA

2 - Reduction due to use of 60-minute data for a site that has a time of concentration less than 30-minutes.

HDS 1

Estimated Net Annual Solids Load Reduction
Based on the Rational Rainfall Method

ZOVL - Moraga Storage
Oakham, MA

2.3%

CASCADE MODEL
PARTICLE SIZE

Percent Rainfall
Volume1

37.6%
22.6%
11.9%
7.6%
4.3%

0.9%

1.8%
1.4%
0.9%
1.2%
1.5%
0.9%
0.4%
0.4%
0.6%
0.3%
0.2%

Removal Efficiency Adjustment2 =
Predicted % Annual Rainfall Treated =

Predicted Net Annual Load Removal Efficiency =

0.6%
0.4%
0.2%
0.9%

Exhibit MS-B Supplemental 
EFSB 25-07 

Page 61 of 245

Attachment A 
EFSB 26-01 

Page 118 of 302



Rhynland Energy Moraga Storage LLC - ZOVL (Oakham, MA)

0 | | February 28, 2025 | Arup US, Inc. Stormwater Management Report

Appendix H: BMP Sizing
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Basin: Pond1

Basin Requirements:
Percentage of WQV Required for New Development = 100%
Total Impervious Area = 44,339 SF
Required WQV = 1" x Impervious Area = 3,695 CF
Areq = Surface area required for bottom of basin = 0.066 * required WQV = 244 SF

Proposed Basin Size:
Bottom of basin surface area = 6,139 SF
1ft depth area = 7,523 SF
2ft depth area = 8,975 SF
3ft depth area = 10,478 SF
Top of basin surface area = 12,037 SF
A = Average surface area top and bottom of basin = 9,088 SF
Dponding = ponding depth = 3 FT
V = Static storage volume = A * Dponding = 27,264 CF

Basin: Pond2

Basin Requirements:
Percentage of WQV Required for New Development = 100%
Total Impervious Area = 83,027 SF
Required WQV = 1" x Impervious Area = 6,919 CF
Areq = Surface area required for bottom of basin = 0.066 * required WQV = 457 SF

Proposed Basin Size:
Bottom of basin surface area = 3,429 SF
1ft depth area = 4,209 SF
2ft depth area = 5,080 SF
3ft depth area = 6,015 SF
4ft depth area = 7,019 SF
Top of basin surface area = 8,092 SF
A = Average surface area top and bottom of basin = 5,761 SF
Dponding = ponding depth = 4 FT
V = Static storage volume = A * Dponding = 23,042 CF

Basin Sizing Calculations

Moraga Storage LLC - ZOVL
358 Coldbrook Road

Oakham, MA
Arup Job Number: 296229

   March 18, 2025
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Rhynland Energy Moraga Storage LLC - ZOVL (Oakham, MA)

2 | | December 16, 2025 | Arup US, Inc. Stormwater Management Report

Appendix H: BMP Sizing
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Basin: Pond1

Basin Requirements:
Percentage of WQV Required for New Development = 100%
Total Impervious Area = 44,339 SF
Required WQV = 1" x Impervious Area = 3,695 CF
Areq = Surface area required for bottom of basin = 0.066 * required WQV = 244 SF

Proposed Basin Size:
Bottom of basin surface area = 6,139 SF
1ft depth area = 7,523 SF
2ft depth area = 8,975 SF
3ft depth area = 10,478 SF
Top of basin surface area = 12,037 SF
A = Average surface area top and bottom of basin = 9,088 SF
Dponding = ponding depth = 3 FT
V = Static storage volume = A * Dponding = 27,264 CF

Basin: Pond2

Basin Requirements:
Percentage of WQV Required for New Development = 100%
Total Impervious Area = 83,027 SF
Required WQV = 1" x Impervious Area = 6,919 CF
Areq = Surface area required for bottom of basin = 0.066 * required WQV = 457 SF

Proposed Basin Size:
Bottom of basin surface area = 3,429 SF
1ft depth area = 4,209 SF
2ft depth area = 5,080 SF
3ft depth area = 6,015 SF
4ft depth area = 7,019 SF
Top of basin surface area = 8,092 SF
A = Average surface area top and bottom of basin = 5,761 SF
Dponding = ponding depth = 4 FT
V = Static storage volume = A * Dponding = 23,042 CF

Basin Sizing Calculations

Moraga Storage LLC - ZOVL
358 Coldbrook Road

Oakham, MA
Arup Job Number: 296229

   March 18, 2025
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Rhynland Energy Moraga Storage LLC - ZOVL (Oakham, MA)

2 | | December 16, 2025 | Arup US, Inc. Stormwater Management Report

Appendix I: Pre & Post Development SSA Model Outputs
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  Autodesk® Storm and Sanitary Analysis 2016 - Version 13.0.94 (Build 0)
  -----------------------------------------------------------------------------------------

  *******************
  Project Description
  *******************
  File Name ................. ZOVL_PreDevelopment_r2.SPF

  ****************
  Analysis Options
  ****************
  Flow Units ................ cfs
  Subbasin Hydrograph Method. SCS TR-20
  Time of Concentration...... SCS TR-55
  Storage Node Exfiltration.. Constant rate, projected area
  Starting Date ............. MAY-06-2024 00:00:00
  Ending Date ............... MAY-09-2024 00:00:00
  Report Time Step .......... 00:04:00

  *************
  Element Count
  *************
  Number of rain gages ...... 1
  Number of subbasins ....... 2
  Number of nodes ........... 2
  Number of links ........... 0

  ****************
  Raingage Summary
  ****************
  Gage Data Data Recording
  ID Source Type Interval

min
  ------------------------------------------------------------
  Rain Gage-01        2YR 24HR (Future)   CUMULATIVE      1.00

  ****************
  Subbasin Summary
  ****************
  Subbasin Total

Area
  ID ft²
  ------------------------------
  Catch-E1 249040.01
  Catch-E2 376753.49

  ************
  Node Summary
  ************
  Node Element Invert   Maximum    Ponded    External
  ID Type Elevation     Elev. Area Inflow

ft ft ft²
  ------------------------------------------------------------------------------
  DP-1 OUTFALL 0.00 0.00 0.00
  DP-2 OUTFALL 0.00 0.00 0.00

  ************************** Volume Depth
  Runoff Quantity Continuity acre-ft inches
  **************************     --------- -------
  Total Precipitation ...... 4.612 3.852
  Surface Runoff ........... 0.011 0.009

Autodesk Storm and Sanitary AnalysisAutodesk Storm and Sanitary Analysis
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  Continuity Error (%) ..... -0.001

  ************************** Volume Volume
  Flow Routing Continuity acre-ft Mgallons
  **************************     ---------     ---------
  External Inflow .......... 0.000 0.000
  External Outflow ......... 2.622 0.855
  Initial Stored Volume .... 0.000 0.000
  Final Stored Volume ...... 0.000 0.000
  Continuity Error (%) ..... 0.000

  ******************************************
  Composite Curve Number Computations Report
  ******************************************

  --------------------
  Subbasin Catch-E1
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Woods, Fair 142163.41 D 79.00
  Paved parking & roofs 5256.97 D 98.00
  Dirt roads 101619.58 D 89.00
  Composite Area & Weighted CN 249039.97 83.48

  --------------------
  Subbasin Catch-E2
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Woods & grass combination, Fair 349096.58 D 82.00
  Dirt roads 27656.87 D 89.00
  Composite Area & Weighted CN 376753.45 82.51

  ***************************************************
  SCS TR-55 Time of Concentration Computations Report
  ***************************************************

  Sheet Flow Equation
  -------------------

Tc = (0.007 * ((n * Lf)^0.8)) / ((P^0.5) * (Sf^0.4))

Where:

Tc = Time of Concentration (hrs)
n  = Manning's Roughness
Lf = Flow Length (ft)
P  = 2 yr, 24 hr Rainfall (inches)
Sf = Slope (ft/ft)

  Shallow Concentrated Flow Equation
  ----------------------------------

V  = 16.1345 * (Sf^0.5) (unpaved surface)
V  = 20.3282 * (Sf^0.5) (paved surface)
V  = 15.0 * (Sf^0.5) (grassed waterway surface)
V  = 10.0 * (Sf^0.5) (nearly bare & untilled surface)
V  = 9.0 * (Sf^0.5) (cultivated straight rows surface)
V  = 7.0 * (Sf^0.5) (short grass pasture surface)
V  = 5.0 * (Sf^0.5) (woodland surface)
V  = 2.5 * (Sf^0.5) (forest w/heavy litter surface)
Tc = (Lf / V) / (3600 sec/hr)
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Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)
V  = Velocity (ft/sec)
Sf = Slope (ft/ft)

  Channel Flow Equation
  ---------------------

V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
R  = Aq / Wp
Tc = (Lf / V) / (3600 sec/hr)

Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)
R  = Hydraulic Radius (ft)
Aq = Flow Area (ft²)
Wp = Wetted Perimeter (ft)
V  = Velocity (ft/sec)
Sf = Slope (ft/ft)
n  = Manning's Roughness

  --------------------
  Subbasin Catch-E1
  --------------------

  Sheet Flow Computations
  -----------------------

Subarea A Subarea B Subarea C
Manning's Roughness: 0.30 0.80 0.80
Flow Length (ft): 40.00 35.00 25.00
Slope (%): 7.50 6.00 12.00
2 yr, 24 hr Rainfall (in): 3.00 3.00 3.00
Velocity (ft/sec): 0.13 0.05 0.07
Computed Flow Time (minutes): 4.99 10.74 6.22

  Shallow Concentrated Flow Computations
  --------------------------------------

Subarea A Subarea B Subarea C
Flow Length (ft): 384.00 264.00 61.00
Slope (%): 9.50 3.00 3.50
Surface Type: Woodland Woodland Unpaved
Velocity (ft/sec): 1.54 0.87 3.02
Computed Flow Time (minutes): 4.16 5.06 0.34

  ================================================================================================
Total TOC (minutes): 31.50

  ================================================================================================

  --------------------
  Subbasin Catch-E2
  --------------------

  Sheet Flow Computations
  -----------------------

Subarea A Subarea B Subarea C
Manning's Roughness: 0.80 0.80 0.80
Flow Length (ft): 39.00 25.00 37.00
Slope (%): 11.00 16.00 25.00
2 yr, 24 hr Rainfall (in): 3.00 3.00 3.00
Velocity (ft/sec): 0.07 0.08 0.10
Computed Flow Time (minutes): 9.19 5.54 6.35

  Shallow Concentrated Flow Computations
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  --------------------------------------
Subarea A Subarea B Subarea C

Flow Length (ft): 21.00 170.00 232.00
Slope (%): 14.50 5.00 5.00
Surface Type: Woodland Unpaved Woodland
Velocity (ft/sec): 1.90 3.61 1.12
Computed Flow Time (minutes): 0.18 0.78 3.45

  ================================================================================================
Total TOC (minutes): 25.51

  ================================================================================================

  ***********************
  Subbasin Runoff Summary
  ***********************

  --------------------------------------------------------------------------
  Subbasin Total     Total Peak  Weighted Time of
  ID Precip    Runoff    Runoff     Curve     Concentration

in in cfs    Number    days  hh:mm:ss
  --------------------------------------------------------------------------
  Catch-E1 3.90 2.24 8.51    83.480 0  00:31:30
  Catch-E2 3.90 2.16     13.60    82.510 0  00:25:30
  --------------------------------------------------------------------------

  Analysis began on:  Wed Feb 26 13:26:04 2025
  Analysis ended on:  Wed Feb 26 13:26:13 2025
  Total elapsed time: 00:00:09
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  Autodesk® Storm and Sanitary Analysis 2016 - Version 13.0.94 (Build 0)
  -----------------------------------------------------------------------------------------

  *******************
  Project Description
  *******************
  File Name ................. ZOVL_PreDevelopment_r2.SPF

  ****************
  Analysis Options
  ****************
  Flow Units ................ cfs
  Subbasin Hydrograph Method. SCS TR-20
  Time of Concentration...... SCS TR-55
  Storage Node Exfiltration.. Constant rate, projected area
  Starting Date ............. MAY-06-2024 00:00:00
  Ending Date ............... MAY-09-2024 00:00:00
  Report Time Step .......... 00:04:00

  *************
  Element Count
  *************
  Number of rain gages ...... 1
  Number of subbasins ....... 2
  Number of nodes ........... 2
  Number of links ........... 0

  ****************
  Raingage Summary
  ****************
  Gage Data Data Recording
  ID Source Type Interval

min
  ------------------------------------------------------------
  Rain Gage-01        10YR 24HR (Future)  CUMULATIVE      1.00

  ****************
  Subbasin Summary
  ****************
  Subbasin Total

Area
  ID ft²
  ------------------------------
  Catch-E1 249040.01
  Catch-E2 376753.49

  ************
  Node Summary
  ************
  Node Element Invert   Maximum    Ponded    External
  ID Type Elevation     Elev. Area Inflow

ft ft ft²
  ------------------------------------------------------------------------------
  DP-1 OUTFALL 0.00 0.00 0.00
  DP-2 OUTFALL 0.00 0.00 0.00

  ************************** Volume Depth
  Runoff Quantity Continuity acre-ft inches
  **************************     --------- -------
  Total Precipitation ...... 7.096 5.927
  Surface Runoff ........... 0.020 0.017
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  Continuity Error (%) ..... -0.001

  ************************** Volume Volume
  Flow Routing Continuity acre-ft Mgallons
  **************************     ---------     ---------
  External Inflow .......... 0.000 0.000
  External Outflow ......... 4.883 1.591
  Initial Stored Volume .... 0.000 0.000
  Final Stored Volume ...... 0.000 0.000
  Continuity Error (%) ..... 0.000

  ******************************************
  Composite Curve Number Computations Report
  ******************************************

  --------------------
  Subbasin Catch-E1
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Woods, Fair 142163.41 D 79.00
  Paved parking & roofs 5256.97 D 98.00
  Dirt roads 101619.58 D 89.00
  Composite Area & Weighted CN 249039.97 83.48

  --------------------
  Subbasin Catch-E2
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Woods & grass combination, Fair 349096.58 D 82.00
  Dirt roads 27656.87 D 89.00
  Composite Area & Weighted CN 376753.45 82.51

  ***************************************************
  SCS TR-55 Time of Concentration Computations Report
  ***************************************************

  Sheet Flow Equation
  -------------------

Tc = (0.007 * ((n * Lf)^0.8)) / ((P^0.5) * (Sf^0.4))

Where:

Tc = Time of Concentration (hrs)
n  = Manning's Roughness
Lf = Flow Length (ft)
P  = 2 yr, 24 hr Rainfall (inches)
Sf = Slope (ft/ft)

  Shallow Concentrated Flow Equation
  ----------------------------------

V  = 16.1345 * (Sf^0.5) (unpaved surface)
V  = 20.3282 * (Sf^0.5) (paved surface)
V  = 15.0 * (Sf^0.5) (grassed waterway surface)
V  = 10.0 * (Sf^0.5) (nearly bare & untilled surface)
V  = 9.0 * (Sf^0.5) (cultivated straight rows surface)
V  = 7.0 * (Sf^0.5) (short grass pasture surface)
V  = 5.0 * (Sf^0.5) (woodland surface)
V  = 2.5 * (Sf^0.5) (forest w/heavy litter surface)
Tc = (Lf / V) / (3600 sec/hr)
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Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)
V  = Velocity (ft/sec)
Sf = Slope (ft/ft)

  Channel Flow Equation
  ---------------------

V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
R  = Aq / Wp
Tc = (Lf / V) / (3600 sec/hr)

Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)
R  = Hydraulic Radius (ft)
Aq = Flow Area (ft²)
Wp = Wetted Perimeter (ft)
V  = Velocity (ft/sec)
Sf = Slope (ft/ft)
n  = Manning's Roughness

  --------------------
  Subbasin Catch-E1
  --------------------

  Sheet Flow Computations
  -----------------------

Subarea A Subarea B Subarea C
Manning's Roughness: 0.30 0.80 0.80
Flow Length (ft): 40.00 35.00 25.00
Slope (%): 7.50 6.00 12.00
2 yr, 24 hr Rainfall (in): 3.00 3.00 3.00
Velocity (ft/sec): 0.13 0.05 0.07
Computed Flow Time (minutes): 4.99 10.74 6.22

  Shallow Concentrated Flow Computations
  --------------------------------------

Subarea A Subarea B Subarea C
Flow Length (ft): 384.00 264.00 61.00
Slope (%): 9.50 3.00 3.50
Surface Type: Woodland Woodland Unpaved
Velocity (ft/sec): 1.54 0.87 3.02
Computed Flow Time (minutes): 4.16 5.06 0.34

  ================================================================================================
Total TOC (minutes): 31.50

  ================================================================================================

  --------------------
  Subbasin Catch-E2
  --------------------

  Sheet Flow Computations
  -----------------------

Subarea A Subarea B Subarea C
Manning's Roughness: 0.80 0.80 0.80
Flow Length (ft): 39.00 25.00 37.00
Slope (%): 11.00 16.00 25.00
2 yr, 24 hr Rainfall (in): 3.00 3.00 3.00
Velocity (ft/sec): 0.07 0.08 0.10
Computed Flow Time (minutes): 9.19 5.54 6.35

  Shallow Concentrated Flow Computations
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  --------------------------------------
Subarea A Subarea B Subarea C

Flow Length (ft): 21.00 170.00 232.00
Slope (%): 14.50 5.00 5.00
Surface Type: Woodland Unpaved Woodland
Velocity (ft/sec): 1.90 3.61 1.12
Computed Flow Time (minutes): 0.18 0.78 3.45

  ================================================================================================
Total TOC (minutes): 25.51

  ================================================================================================

  ***********************
  Subbasin Runoff Summary
  ***********************

  --------------------------------------------------------------------------
  Subbasin Total     Total Peak  Weighted Time of
  ID Precip    Runoff    Runoff     Curve     Concentration

in in cfs    Number    days  hh:mm:ss
  --------------------------------------------------------------------------
  Catch-E1 6.00 4.14     15.58    83.480 0  00:31:30
  Catch-E2 6.00 4.04     25.27    82.510 0  00:25:30
  --------------------------------------------------------------------------

  Analysis began on:  Wed Feb 26 13:27:07 2025
  Analysis ended on:  Wed Feb 26 13:27:16 2025
  Total elapsed time: 00:00:09
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  Autodesk® Storm and Sanitary Analysis 2016 - Version 13.0.94 (Build 0)
  -----------------------------------------------------------------------------------------

  *******************
  Project Description
  *******************
  File Name ................. ZOVL_PreDevelopment_r2.SPF

  ****************
  Analysis Options
  ****************
  Flow Units ................ cfs
  Subbasin Hydrograph Method. SCS TR-20
  Time of Concentration...... SCS TR-55
  Storage Node Exfiltration.. Constant rate, projected area
  Starting Date ............. MAY-06-2024 00:00:00
  Ending Date ............... MAY-09-2024 00:00:00
  Report Time Step .......... 00:04:00

  *************
  Element Count
  *************
  Number of rain gages ...... 1
  Number of subbasins ....... 2
  Number of nodes ........... 2
  Number of links ........... 0

  ****************
  Raingage Summary
  ****************
  Gage Data Data Recording
  ID Source Type Interval

min
  ------------------------------------------------------------
  Rain Gage-01        100YR 24HR (Future) CUMULATIVE      1.00

  ****************
  Subbasin Summary
  ****************
  Subbasin Total

Area
  ID ft²
  ------------------------------
  Catch-E1 249040.01
  Catch-E2 376753.49

  ************
  Node Summary
  ************
  Node Element Invert   Maximum    Ponded    External
  ID Type Elevation     Elev. Area Inflow

ft ft ft²
  ------------------------------------------------------------------------------
  DP-1 OUTFALL 0.00 0.00 0.00
  DP-2 OUTFALL 0.00 0.00 0.00

  ************************** Volume Depth
  Runoff Quantity Continuity acre-ft inches
  **************************     --------- -------
  Total Precipitation ...... 11.117 9.286
  Surface Runoff ........... 0.036 0.030
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  Continuity Error (%) ..... -0.001

  ************************** Volume Volume
  Flow Routing Continuity acre-ft Mgallons
  **************************     ---------     ---------
  External Inflow .......... 0.000 0.000
  External Outflow ......... 8.748 2.851
  Initial Stored Volume .... 0.000 0.000
  Final Stored Volume ...... 0.000 0.000
  Continuity Error (%) ..... 0.000

  ******************************************
  Composite Curve Number Computations Report
  ******************************************

  --------------------
  Subbasin Catch-E1
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Woods, Fair 142163.41 D 79.00
  Paved parking & roofs 5256.97 D 98.00
  Dirt roads 101619.58 D 89.00
  Composite Area & Weighted CN 249039.97 83.48

  --------------------
  Subbasin Catch-E2
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Woods & grass combination, Fair 349096.58 D 82.00
  Dirt roads 27656.87 D 89.00
  Composite Area & Weighted CN 376753.45 82.51

  ***************************************************
  SCS TR-55 Time of Concentration Computations Report
  ***************************************************

  Sheet Flow Equation
  -------------------

Tc = (0.007 * ((n * Lf)^0.8)) / ((P^0.5) * (Sf^0.4))

Where:

Tc = Time of Concentration (hrs)
n  = Manning's Roughness
Lf = Flow Length (ft)
P  = 2 yr, 24 hr Rainfall (inches)
Sf = Slope (ft/ft)

  Shallow Concentrated Flow Equation
  ----------------------------------

V  = 16.1345 * (Sf^0.5) (unpaved surface)
V  = 20.3282 * (Sf^0.5) (paved surface)
V  = 15.0 * (Sf^0.5) (grassed waterway surface)
V  = 10.0 * (Sf^0.5) (nearly bare & untilled surface)
V  = 9.0 * (Sf^0.5) (cultivated straight rows surface)
V  = 7.0 * (Sf^0.5) (short grass pasture surface)
V  = 5.0 * (Sf^0.5) (woodland surface)
V  = 2.5 * (Sf^0.5) (forest w/heavy litter surface)
Tc = (Lf / V) / (3600 sec/hr)
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Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)
V  = Velocity (ft/sec)
Sf = Slope (ft/ft)

  Channel Flow Equation
  ---------------------

V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
R  = Aq / Wp
Tc = (Lf / V) / (3600 sec/hr)

Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)
R  = Hydraulic Radius (ft)
Aq = Flow Area (ft²)
Wp = Wetted Perimeter (ft)
V  = Velocity (ft/sec)
Sf = Slope (ft/ft)
n  = Manning's Roughness

  --------------------
  Subbasin Catch-E1
  --------------------

  Sheet Flow Computations
  -----------------------

Subarea A Subarea B Subarea C
Manning's Roughness: 0.30 0.80 0.80
Flow Length (ft): 40.00 35.00 25.00
Slope (%): 7.50 6.00 12.00
2 yr, 24 hr Rainfall (in): 3.00 3.00 3.00
Velocity (ft/sec): 0.13 0.05 0.07
Computed Flow Time (minutes): 4.99 10.74 6.22

  Shallow Concentrated Flow Computations
  --------------------------------------

Subarea A Subarea B Subarea C
Flow Length (ft): 384.00 264.00 61.00
Slope (%): 9.50 3.00 3.50
Surface Type: Woodland Woodland Unpaved
Velocity (ft/sec): 1.54 0.87 3.02
Computed Flow Time (minutes): 4.16 5.06 0.34

  ================================================================================================
Total TOC (minutes): 31.50

  ================================================================================================

  --------------------
  Subbasin Catch-E2
  --------------------

  Sheet Flow Computations
  -----------------------

Subarea A Subarea B Subarea C
Manning's Roughness: 0.80 0.80 0.80
Flow Length (ft): 39.00 25.00 37.00
Slope (%): 11.00 16.00 25.00
2 yr, 24 hr Rainfall (in): 3.00 3.00 3.00
Velocity (ft/sec): 0.07 0.08 0.10
Computed Flow Time (minutes): 9.19 5.54 6.35

  Shallow Concentrated Flow Computations
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  --------------------------------------
Subarea A Subarea B Subarea C

Flow Length (ft): 21.00 170.00 232.00
Slope (%): 14.50 5.00 5.00
Surface Type: Woodland Unpaved Woodland
Velocity (ft/sec): 1.90 3.61 1.12
Computed Flow Time (minutes): 0.18 0.78 3.45

  ================================================================================================
Total TOC (minutes): 25.51

  ================================================================================================

  ***********************
  Subbasin Runoff Summary
  ***********************

  --------------------------------------------------------------------------
  Subbasin Total     Total Peak  Weighted Time of
  ID Precip    Runoff    Runoff     Curve     Concentration

in in cfs    Number    days  hh:mm:ss
  --------------------------------------------------------------------------
  Catch-E1 9.40 7.38     27.16    83.480 0  00:31:30
  Catch-E2 9.40 7.26     44.43    82.510 0  00:25:30
  --------------------------------------------------------------------------

  Analysis began on:  Wed Feb 26 13:28:14 2025
  Analysis ended on:  Wed Feb 26 13:28:23 2025
  Total elapsed time: 00:00:09
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  Autodesk® Storm and Sanitary Analysis 2016 - Version 13.0.94 (Build 0)
  -----------------------------------------------------------------------------------------

  *******************
  Project Description
  *******************
  File Name ................. ZOVL_PostDevelopment_r1.SPF

  ****************
  Analysis Options
  ****************
  Flow Units ................ cfs
  Subbasin Hydrograph Method. SCS TR-20
  Time of Concentration...... SCS TR-55
  Link Routing Method ....... Hydrodynamic
  Storage Node Exfiltration.. Constant rate, projected area
  Starting Date ............. MAY-06-2024 00:00:00
  Ending Date ............... MAY-09-2024 00:00:00
  Report Time Step .......... 00:04:00

  *************
  Element Count
  *************
  Number of rain gages ...... 1
  Number of subbasins ....... 4
  Number of nodes ........... 10
  Number of links ........... 12

  ****************
  Raingage Summary
  ****************
  Gage Data Data Recording
  ID Source Type Interval

min
  ------------------------------------------------------------
  Rain Gage-01        2YR 24HR (Future)   CUMULATIVE      1.00

  ****************
  Subbasin Summary
  ****************
  Subbasin Total

Area
  ID ft²
  ------------------------------
  Catch-P1 86824.66
  Catch-P2 115184.55
  Catch-P3 234457.05
  Catch-P4 189338.22

  ************
  Node Summary
  ************
  Node Element Invert   Maximum    Ponded    External
  ID Type Elevation     Elev. Area Inflow

ft ft ft²
  ------------------------------------------------------------------------------
  Jun-02-Out2 JUNCTION 916.00    920.33 0.00
  Jun-03-Out2 JUNCTION 916.00    999.00   1000.00
  Jun-04-Out2 JUNCTION 916.00    921.50 0.00
  Jun-05-Out1 JUNCTION 935.00    999.00   1000.00
  Jun-06-Out1 JUNCTION 935.00    937.75 0.00
  Jun-07-Out1 JUNCTION 935.00    939.00 0.00

Autodesk Storm and Sanitary AnalysisAutodesk Storm and Sanitary Analysis

Exhibit MS-B Supplemental 
EFSB 25-07 

Page 82 of 245

Attachment A 
EFSB 26-01 

Page 139 of 302



  DP-1 OUTFALL 0.00    936.00 0.00
  DP-2 OUTFALL 0.00    917.50 0.00
  Stor-02-POND2 STORAGE 916.00    921.00  10000.00
  Stor-04-POND1 STORAGE 935.00    939.00  10000.00

  ************
  Link Summary
  ************
  Link            From Node       To Node Element Length     Slope   Manning's
  ID Type ft %   Roughness
  --------------------------------------------------------------------------------------------
  Link-01-RipRap-2Jun-03-Out2     Jun-04-Out2     CHANNEL 15.0   33.3333 0.0330
  Link-02-Surface-2Jun-04-Out2     DP-2 CHANNEL 10.0    5.0000 0.0200
  Link-03-RipRap1 Jun-05-Out1     Jun-07-Out1     CHANNEL 12.0   25.0000 0.0330
  Link-04-Surface1Jun-07-Out1     DP-1 CHANNEL 30.0    3.3333 0.0200
  Orifice-01-2yr-2Stor-02-POND2   Jun-02-Out2     ORIFICE
  Orifice-02-10yr-2Stor-02-POND2   Jun-02-Out2     ORIFICE
  Orifice-03-OutletPipe2Jun-02-Out2     Jun-04-Out2     ORIFICE
  Orifice-04-2yr-1Stor-04-POND1   Jun-06-Out1     ORIFICE
  Orifice-05-10yr-1Stor-04-POND1   Jun-06-Out1     ORIFICE
  Orifice-06-OutletPipe1Jun-06-Out1     Jun-07-Out1     ORIFICE
  Weir-02-100yr-2 Stor-02-POND2   Jun-03-Out2     WEIR
  Weir-04-100yr-1 Stor-04-POND1   Jun-05-Out1     WEIR

  *********************
  Cross Section Summary
  *********************
  Link Shape Depth/ Width No. of Cross    Full Flow
Design
  ID Diameter Barrels    Sectional    Hydraulic
Flow

Area Radius
Capacity

ft ft ft² ft
cfs

----------------------------------------------------------------------------------------------------
------
  Link-01-RipRap-2 TRAPEZOIDAL 0.50 10.00 1 4.25 0.42
61.79
  Link-02-Surface-2 RECT_OPEN 2.00 10.00 1 20.00 1.43
421.47
  Link-03-RipRap1  TRAPEZOIDAL 0.50 10.00 1 4.25 0.42
53.51
  Link-04-Surface1 RECT_OPEN 2.00 10.00 1 20.00 1.43
344.13

  ************************** Volume Depth
  Runoff Quantity Continuity acre-ft inches
  **************************     --------- -------
  Total Precipitation ...... 4.612 3.852
  Surface Runoff ........... 0.012 0.010
  Continuity Error (%) ..... -0.001

  ************************** Volume Volume
  Flow Routing Continuity acre-ft Mgallons
  **************************     ---------     ---------
  External Inflow .......... 0.000 0.000
  External Outflow ......... 2.883 0.940
  Initial Stored Volume .... 0.000 0.000
  Final Stored Volume ...... 0.000 0.000
  Continuity Error (%) ..... 0.000

Autodesk Storm and Sanitary AnalysisAutodesk Storm and Sanitary Analysis

Exhibit MS-B Supplemental 
EFSB 25-07 

Page 83 of 245

Attachment A 
EFSB 26-01 

Page 140 of 302



  ******************************************
  Composite Curve Number Computations Report
  ******************************************

  --------------------
  Subbasin Catch-P1
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Woods, Fair 28528.90 D 79.00
  Woods & grass combination, Fair 58295.76 D 82.00
  Composite Area & Weighted CN 86824.66 81.01

  --------------------
  Subbasin Catch-P2
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Paved parking & roofs 27947.90 D 98.00
  Meadow, non-grazed 33451.85 D 78.00
  Gravel roads 53784.80 D 91.00
  Composite Area & Weighted CN 115184.55 88.92

  --------------------
  Subbasin Catch-P3
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Woods, Fair 121539.49 D 79.00
  Meadow, non-grazed 112917.56 D 78.00
  Composite Area & Weighted CN 234457.05 78.52

  --------------------
  Subbasin Catch-P4
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Paved parking & roofs 83026.68 D 98.00
  Meadow, non-grazed 20512.93 D 78.00
  Gravel roads 85798.65 D 91.00
  Composite Area & Weighted CN 189338.26 92.66

  ***************************************************
  SCS TR-55 Time of Concentration Computations Report
  ***************************************************

  Sheet Flow Equation
  -------------------

Tc = (0.007 * ((n * Lf)^0.8)) / ((P^0.5) * (Sf^0.4))

Where:

Tc = Time of Concentration (hrs)
n  = Manning's Roughness
Lf = Flow Length (ft)
P  = 2 yr, 24 hr Rainfall (inches)
Sf = Slope (ft/ft)

  Shallow Concentrated Flow Equation
  ----------------------------------

V  = 16.1345 * (Sf^0.5) (unpaved surface)
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V  = 20.3282 * (Sf^0.5) (paved surface)
V  = 15.0 * (Sf^0.5) (grassed waterway surface)
V  = 10.0 * (Sf^0.5) (nearly bare & untilled surface)
V  = 9.0 * (Sf^0.5) (cultivated straight rows surface)
V  = 7.0 * (Sf^0.5) (short grass pasture surface)
V  = 5.0 * (Sf^0.5) (woodland surface)
V  = 2.5 * (Sf^0.5) (forest w/heavy litter surface)
Tc = (Lf / V) / (3600 sec/hr)

Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)
V  = Velocity (ft/sec)
Sf = Slope (ft/ft)

  Channel Flow Equation
  ---------------------

V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
R  = Aq / Wp
Tc = (Lf / V) / (3600 sec/hr)

Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)
R  = Hydraulic Radius (ft)
Aq = Flow Area (ft²)
Wp = Wetted Perimeter (ft)
V  = Velocity (ft/sec)
Sf = Slope (ft/ft)
n  = Manning's Roughness

  --------------------
  Subbasin Catch-P1
  --------------------

  Sheet Flow Computations
  -----------------------

Subarea A Subarea B Subarea C
Manning's Roughness: 0.40 0.00 0.00
Flow Length (ft): 100.00 0.00 0.00
Slope (%): 7.00 0.00 0.00
2 yr, 24 hr Rainfall (in): 3.00 3.00 3.00
Velocity (ft/sec): 0.12 0.00 0.00
Computed Flow Time (minutes): 13.44 0.00 0.00

  Shallow Concentrated Flow Computations
  --------------------------------------

Subarea A Subarea B Subarea C
Flow Length (ft): 305.00 0.00 0.00
Slope (%): 10.80 0.00 0.00
Surface Type: Woodland Woodland Woodland
Velocity (ft/sec): 1.64 0.00 0.00
Computed Flow Time (minutes): 3.10 0.00 0.00

  ================================================================================================
Total TOC (minutes): 16.54

  ================================================================================================

  --------------------
  Subbasin Catch-P2
  --------------------

User-Defined TOC override (minutes): 6.00

  --------------------
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  Subbasin Catch-P3
  --------------------

  Sheet Flow Computations
  -----------------------

Subarea A Subarea B Subarea C
Manning's Roughness: 0.40 0.00 0.00
Flow Length (ft): 100.00 0.00 0.00
Slope (%): 4.00 0.00 0.00
2 yr, 24 hr Rainfall (in): 3.00 3.00 3.00
Velocity (ft/sec): 0.10 0.00 0.00
Computed Flow Time (minutes): 16.81 0.00 0.00

  Shallow Concentrated Flow Computations
  --------------------------------------

Subarea A Subarea B Subarea C
Flow Length (ft): 342.00 178.00 270.00
Slope (%): 7.50 7.00 5.00
Surface Type: Grass pasture Woodland Woodland
Velocity (ft/sec): 1.92 1.32 1.12
Computed Flow Time (minutes): 2.97 2.25 4.02

  Channel Flow Computations
  -------------------------

Subarea A Subarea B Subarea C
Manning's Roughness: 0.02 0.00 0.00
Flow Length (ft): 974.00 0.00 0.00
Channel Slope (%): 1.70 0.00 0.00
Cross Section Area (ft²): 5.00 0.00 0.00
Wetted Perimeter (ft): 6.33 0.00 0.00
Velocity (ft/sec): 8.30 0.00 0.00
Computed Flow Time (minutes): 1.96 0.00 0.00

  ================================================================================================
Total TOC (minutes): 28.00

  ================================================================================================

  --------------------
  Subbasin Catch-P4
  --------------------

User-Defined TOC override (minutes): 6.00

  ***********************
  Subbasin Runoff Summary
  ***********************

  --------------------------------------------------------------------------
  Subbasin Total     Total Peak  Weighted Time of
  ID Precip    Runoff    Runoff     Curve     Concentration

in in cfs    Number    days  hh:mm:ss
  --------------------------------------------------------------------------
  Catch-P1 3.90 2.04 3.51    81.010 0  00:16:32
  Catch-P2 3.90 2.72 8.14    88.920 0  00:06:00
  Catch-P3 3.90 1.85 6.91    78.520 0  00:28:00
  Catch-P4 3.90 3.09     14.77    92.660 0  00:06:00
  --------------------------------------------------------------------------

  ******************
  Node Depth Summary
  ******************

  -----------------------------------------------------------------------------------------
  Node Average   Maximum   Maximum   Time of Max     Total     Total   Retention
  ID Depth     Depth HGL    Occurrence   Flooded Time Time

Attained  Attained  Attained Volume   Flooded
ft ft ft   days  hh:mm   acre-in   minutes    hh:mm:ss
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  -----------------------------------------------------------------------------------------
  Jun-02-Out2 0.04 0.59    916.59 0  12:23 0 0     0:00:00
  Jun-03-Out2 0.00 0.00    916.00 0  00:00 0 0     0:00:00
  Jun-04-Out2 0.01 0.13    916.13 0  12:29 0 0     0:00:00
  Jun-05-Out1 0.00 0.00    935.00 0  00:00 0 0     0:00:00
  Jun-06-Out1 0.03 0.39    935.39 0  12:34 0 0     0:00:00
  Jun-07-Out1 0.01 0.08    935.08 0  12:34 0 0     0:00:00
  DP-1 0.00 0.00 0.00 0  00:00 0 0     0:00:00
  DP-2 0.00 0.00 0.00 0  00:00 0 0     0:00:00
  Stor-02-POND2 0.12 2.98    918.98 0  12:29 0 0     0:00:00
  Stor-04-POND1 0.08 1.39    936.39 0  12:34 0 0     0:00:00

  *****************
  Node Flow Summary
  *****************

  ------------------------------------------------------------------------------------
  Node Element     Maximum     Peak      Time of   Maximum Time of Peak
  ID Type     Lateral   Inflow  Peak Inflow  Flooding     Flooding

Inflow Occurrence  Overflow   Occurrence
cfs cfs  days  hh:mm cfs  days  hh:mm

  ------------------------------------------------------------------------------------
  Jun-02-Out2 JUNCTION 0.00     4.12     0  12:29 0.00
  Jun-03-Out2 JUNCTION 0.00     0.00     0  00:00 0.00
  Jun-04-Out2 JUNCTION 0.00     4.14     0  12:35 0.00
  Jun-05-Out1 JUNCTION 0.00     0.00     0  00:00 0.00
  Jun-06-Out1 JUNCTION 0.00     1.74     0  12:34 0.00
  Jun-07-Out1 JUNCTION 0.00     1.74     0  12:34 0.00
  DP-1 OUTFALL 3.50     5.10     0  12:16 0.00
  DP-2 OUTFALL 6.90    10.99     0  12:24 0.00
  Stor-02-POND2 STORAGE 14.65    14.65     0  12:08 0.00
  Stor-04-POND1 STORAGE 8.07     8.07     0  12:08 0.00

  ********************
  Storage Node Summary
  ********************

----------------------------------------------------------------------------------------------------
---------------------------------
  Storage Node ID Maximum     Maximum    Time of Max    Average   Average       Maximum
Maximum  Time of Max. Total

Ponded Ponded Ponded     Ponded    Ponded  Storage Node
Exfiltration  Exfiltration  Exfiltrated

Volume Volume Volume     Volume    Volume Outflow
Rate Rate Volume

1000 ft³ (%)     days hh:mm   1000 ft³ (%) cfs
cfm hh:mm:ss     1000 ft³

----------------------------------------------------------------------------------------------------
---------------------------------
  Stor-02-POND2 13.886 49 0  12:29 0.480 2 4.12
0.00 0:00:00 0.000
  Stor-04-POND1 9.852 27 0  12:34 0.552 2 1.74
0.00 0:00:00 0.000

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------
  Outfall Node ID        Flow   Average Peak

Frequency Flow    Inflow
(%) cfs cfs

  -----------------------------------------------

Autodesk Storm and Sanitary AnalysisAutodesk Storm and Sanitary Analysis

Exhibit MS-B Supplemental 
EFSB 25-07 

Page 87 of 245

Attachment A 
EFSB 26-01 

Page 144 of 302



  DP-1 46.14 0.34 5.10
  DP-2 38.24 0.85     10.99
  -----------------------------------------------
  System 42.19 1.20     15.52

  *****************
  Link Flow Summary
  *****************

----------------------------------------------------------------------------------------------------
----------------------------
  Link ID Element Time of   Maximum  Length   Peak Flow Design  Ratio of
Ratio of Total  Reported

Type Peak Flow  Velocity  Factor during Flow   Maximum
Maximum Time  Condition

Occurrence  Attained Analysis    Capacity   /Design
Flow  Surcharged

days hh:mm    ft/sec cfs cfs Flow
Depth     minutes

----------------------------------------------------------------------------------------------------
----------------------------
  Link-01-RipRap-2     CHANNEL 0  00:00 0.00    1.00 0.00 61.79 0.00
0.13 0  Calculated
  Link-02-Surface-2    CHANNEL 0  12:29 3.49    1.00 4.12 421.47 0.01
0.06 0  Calculated
  Link-03-RipRap1 CHANNEL 0  00:00 0.00    1.00 0.00 53.51 0.00
0.08 0  Calculated
  Link-04-Surface1     CHANNEL 0  12:34 2.33    1.00 1.74 344.13 0.01
0.04 0  Calculated
  Orifice-01-2yr-2     ORIFICE 0  12:29 4.12
  Orifice-02-10yr-2    ORIFICE 0  00:00 0.00
  Orifice-03-OutletPipe2 ORIFICE 0  12:35 4.14
  Orifice-04-2yr-1     ORIFICE 0  12:34 1.74
  Orifice-05-10yr-1    ORIFICE 0  00:00 0.00
  Orifice-06-OutletPipe1 ORIFICE 0  12:34 1.74
  Weir-02-100yr-2 WEIR 0  00:00 0.00
0.00
  Weir-04-100yr-1 WEIR 0  00:00 0.00
0.00

  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.

  Analysis began on:  Thu Mar 13 16:17:16 2025
  Analysis ended on:  Thu Mar 13 16:17:29 2025
  Total elapsed time: 00:00:13
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  Autodesk® Storm and Sanitary Analysis 2016 - Version 13.0.94 (Build 0)
  -----------------------------------------------------------------------------------------

  *******************
  Project Description
  *******************
  File Name ................. ZOVL_PostDevelopment_r1.SPF

  ****************
  Analysis Options
  ****************
  Flow Units ................ cfs
  Subbasin Hydrograph Method. SCS TR-20
  Time of Concentration...... SCS TR-55
  Link Routing Method ....... Hydrodynamic
  Storage Node Exfiltration.. Constant rate, projected area
  Starting Date ............. MAY-06-2024 00:00:00
  Ending Date ............... MAY-09-2024 00:00:00
  Report Time Step .......... 00:04:00

  *************
  Element Count
  *************
  Number of rain gages ...... 1
  Number of subbasins ....... 4
  Number of nodes ........... 10
  Number of links ........... 12

  ****************
  Raingage Summary
  ****************
  Gage Data Data Recording
  ID Source Type Interval

min
  ------------------------------------------------------------
  Rain Gage-01        10YR 24HR (Future)  CUMULATIVE      1.00

  ****************
  Subbasin Summary
  ****************
  Subbasin Total

Area
  ID ft²
  ------------------------------
  Catch-P1 86824.66
  Catch-P2 115184.55
  Catch-P3 234457.05
  Catch-P4 189338.22

  ************
  Node Summary
  ************
  Node Element Invert   Maximum    Ponded    External
  ID Type Elevation     Elev. Area Inflow

ft ft ft²
  ------------------------------------------------------------------------------
  Jun-02-Out2 JUNCTION 916.00    920.33 0.00
  Jun-03-Out2 JUNCTION 916.00    999.00   1000.00
  Jun-04-Out2 JUNCTION 916.00    921.50 0.00
  Jun-05-Out1 JUNCTION 935.00    999.00   1000.00
  Jun-06-Out1 JUNCTION 935.00    937.75 0.00
  Jun-07-Out1 JUNCTION 935.00    939.00 0.00
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  DP-1 OUTFALL 0.00    936.00 0.00
  DP-2 OUTFALL 0.00    917.50 0.00
  Stor-02-POND2 STORAGE 916.00    921.00  10000.00
  Stor-04-POND1 STORAGE 935.00    939.00  10000.00

  ************
  Link Summary
  ************
  Link            From Node       To Node Element Length     Slope   Manning's
  ID Type ft %   Roughness
  --------------------------------------------------------------------------------------------
  Link-01-RipRap-2Jun-03-Out2     Jun-04-Out2     CHANNEL 15.0   33.3333 0.0330
  Link-02-Surface-2Jun-04-Out2     DP-2 CHANNEL 10.0    5.0000 0.0200
  Link-03-RipRap1 Jun-05-Out1     Jun-07-Out1     CHANNEL 12.0   25.0000 0.0330
  Link-04-Surface1Jun-07-Out1     DP-1 CHANNEL 30.0    3.3333 0.0200
  Orifice-01-2yr-2Stor-02-POND2   Jun-02-Out2     ORIFICE
  Orifice-02-10yr-2Stor-02-POND2   Jun-02-Out2     ORIFICE
  Orifice-03-OutletPipe2Jun-02-Out2     Jun-04-Out2     ORIFICE
  Orifice-04-2yr-1Stor-04-POND1   Jun-06-Out1     ORIFICE
  Orifice-05-10yr-1Stor-04-POND1   Jun-06-Out1     ORIFICE
  Orifice-06-OutletPipe1Jun-06-Out1     Jun-07-Out1     ORIFICE
  Weir-02-100yr-2 Stor-02-POND2   Jun-03-Out2     WEIR
  Weir-04-100yr-1 Stor-04-POND1   Jun-05-Out1     WEIR

  *********************
  Cross Section Summary
  *********************
  Link Shape Depth/ Width No. of Cross    Full Flow
Design
  ID Diameter Barrels    Sectional    Hydraulic
Flow

Area Radius
Capacity

ft ft ft² ft
cfs

----------------------------------------------------------------------------------------------------
------
  Link-01-RipRap-2 TRAPEZOIDAL 0.50 10.00 1 4.25 0.42
61.79
  Link-02-Surface-2 RECT_OPEN 2.00 10.00 1 20.00 1.43
421.47
  Link-03-RipRap1  TRAPEZOIDAL 0.50 10.00 1 4.25 0.42
53.51
  Link-04-Surface1 RECT_OPEN 2.00 10.00 1 20.00 1.43
344.13

  ************************** Volume Depth
  Runoff Quantity Continuity acre-ft inches
  **************************     --------- -------
  Total Precipitation ...... 7.096 5.927
  Surface Runoff ........... 0.022 0.018
  Continuity Error (%) ..... -0.001

  ************************** Volume Volume
  Flow Routing Continuity acre-ft Mgallons
  **************************     ---------     ---------
  External Inflow .......... 0.000 0.000
  External Outflow ......... 5.176 1.687
  Initial Stored Volume .... 0.000 0.000
  Final Stored Volume ...... 0.000 0.000
  Continuity Error (%) ..... 0.000
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  ******************************************
  Composite Curve Number Computations Report
  ******************************************

  --------------------
  Subbasin Catch-P1
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Woods, Fair 28528.90 D 79.00
  Woods & grass combination, Fair 58295.76 D 82.00
  Composite Area & Weighted CN 86824.66 81.01

  --------------------
  Subbasin Catch-P2
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Paved parking & roofs 27947.90 D 98.00
  Meadow, non-grazed 33451.85 D 78.00
  Gravel roads 53784.80 D 91.00
  Composite Area & Weighted CN 115184.55 88.92

  --------------------
  Subbasin Catch-P3
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Woods, Fair 121539.49 D 79.00
  Meadow, non-grazed 112917.56 D 78.00
  Composite Area & Weighted CN 234457.05 78.52

  --------------------
  Subbasin Catch-P4
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Paved parking & roofs 83026.68 D 98.00
  Meadow, non-grazed 20512.93 D 78.00
  Gravel roads 85798.65 D 91.00
  Composite Area & Weighted CN 189338.26 92.66

  ***************************************************
  SCS TR-55 Time of Concentration Computations Report
  ***************************************************

  Sheet Flow Equation
  -------------------

Tc = (0.007 * ((n * Lf)^0.8)) / ((P^0.5) * (Sf^0.4))

Where:

Tc = Time of Concentration (hrs)
n  = Manning's Roughness
Lf = Flow Length (ft)
P  = 2 yr, 24 hr Rainfall (inches)
Sf = Slope (ft/ft)

  Shallow Concentrated Flow Equation
  ----------------------------------

V  = 16.1345 * (Sf^0.5) (unpaved surface)
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V  = 20.3282 * (Sf^0.5) (paved surface)
V  = 15.0 * (Sf^0.5) (grassed waterway surface)
V  = 10.0 * (Sf^0.5) (nearly bare & untilled surface)
V  = 9.0 * (Sf^0.5) (cultivated straight rows surface)
V  = 7.0 * (Sf^0.5) (short grass pasture surface)
V  = 5.0 * (Sf^0.5) (woodland surface)
V  = 2.5 * (Sf^0.5) (forest w/heavy litter surface)
Tc = (Lf / V) / (3600 sec/hr)

Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)
V  = Velocity (ft/sec)
Sf = Slope (ft/ft)

  Channel Flow Equation
  ---------------------

V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
R  = Aq / Wp
Tc = (Lf / V) / (3600 sec/hr)

Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)
R  = Hydraulic Radius (ft)
Aq = Flow Area (ft²)
Wp = Wetted Perimeter (ft)
V  = Velocity (ft/sec)
Sf = Slope (ft/ft)
n  = Manning's Roughness

  --------------------
  Subbasin Catch-P1
  --------------------

  Sheet Flow Computations
  -----------------------

Subarea A Subarea B Subarea C
Manning's Roughness: 0.40 0.00 0.00
Flow Length (ft): 100.00 0.00 0.00
Slope (%): 7.00 0.00 0.00
2 yr, 24 hr Rainfall (in): 3.00 3.00 3.00
Velocity (ft/sec): 0.12 0.00 0.00
Computed Flow Time (minutes): 13.44 0.00 0.00

  Shallow Concentrated Flow Computations
  --------------------------------------

Subarea A Subarea B Subarea C
Flow Length (ft): 305.00 0.00 0.00
Slope (%): 10.80 0.00 0.00
Surface Type: Woodland Woodland Woodland
Velocity (ft/sec): 1.64 0.00 0.00
Computed Flow Time (minutes): 3.10 0.00 0.00

  ================================================================================================
Total TOC (minutes): 16.54

  ================================================================================================

  --------------------
  Subbasin Catch-P2
  --------------------

User-Defined TOC override (minutes): 6.00

  --------------------
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  Subbasin Catch-P3
  --------------------

  Sheet Flow Computations
  -----------------------

Subarea A Subarea B Subarea C
Manning's Roughness: 0.40 0.00 0.00
Flow Length (ft): 100.00 0.00 0.00
Slope (%): 4.00 0.00 0.00
2 yr, 24 hr Rainfall (in): 3.00 3.00 3.00
Velocity (ft/sec): 0.10 0.00 0.00
Computed Flow Time (minutes): 16.81 0.00 0.00

  Shallow Concentrated Flow Computations
  --------------------------------------

Subarea A Subarea B Subarea C
Flow Length (ft): 342.00 178.00 270.00
Slope (%): 7.50 7.00 5.00
Surface Type: Grass pasture Woodland Woodland
Velocity (ft/sec): 1.92 1.32 1.12
Computed Flow Time (minutes): 2.97 2.25 4.02

  Channel Flow Computations
  -------------------------

Subarea A Subarea B Subarea C
Manning's Roughness: 0.02 0.00 0.00
Flow Length (ft): 974.00 0.00 0.00
Channel Slope (%): 1.70 0.00 0.00
Cross Section Area (ft²): 5.00 0.00 0.00
Wetted Perimeter (ft): 6.33 0.00 0.00
Velocity (ft/sec): 8.30 0.00 0.00
Computed Flow Time (minutes): 1.96 0.00 0.00

  ================================================================================================
Total TOC (minutes): 28.00

  ================================================================================================

  --------------------
  Subbasin Catch-P4
  --------------------

User-Defined TOC override (minutes): 6.00

  ***********************
  Subbasin Runoff Summary
  ***********************

  --------------------------------------------------------------------------
  Subbasin Total     Total Peak  Weighted Time of
  ID Precip    Runoff    Runoff     Curve     Concentration

in in cfs    Number    days  hh:mm:ss
  --------------------------------------------------------------------------
  Catch-P1 6.00 3.88 6.67    81.010 0  00:16:32
  Catch-P2 6.00 4.73     13.77    88.920 0  00:06:00
  Catch-P3 6.00 3.63     13.66    78.520 0  00:28:00
  Catch-P4 6.00 5.14     23.88    92.660 0  00:06:00
  --------------------------------------------------------------------------

  ******************
  Node Depth Summary
  ******************

  -----------------------------------------------------------------------------------------
  Node Average   Maximum   Maximum   Time of Max     Total     Total   Retention
  ID Depth     Depth HGL    Occurrence   Flooded Time Time

Attained  Attained  Attained Volume   Flooded
ft ft ft   days  hh:mm   acre-in   minutes    hh:mm:ss
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  -----------------------------------------------------------------------------------------
  Jun-02-Out2 0.07 2.84    918.84 0  12:21 0 0     0:00:00
  Jun-03-Out2 0.06 0.07    916.07 0  12:23 0 0     0:00:00
  Jun-04-Out2 0.01 0.24    916.24 0  12:21 0 0     0:00:00
  Jun-05-Out1 0.00 0.00    935.00 0  00:00 0 0     0:00:00
  Jun-06-Out1 0.05 0.74    935.74 0  12:33 0 0     0:00:00
  Jun-07-Out1 0.01 0.11    935.11 0  12:33 0 0     0:00:00
  DP-1 0.00 0.00 0.00 0  00:00 0 0     0:00:00
  DP-2 0.00 0.00 0.00 0  00:00 0 0     0:00:00
  Stor-02-POND2 0.18 4.01    920.01 0  12:21 0 0     0:00:00
  Stor-04-POND1 0.14 2.25    937.25 0  12:32 0 0     0:00:00

  *****************
  Node Flow Summary
  *****************

  ------------------------------------------------------------------------------------
  Node Element     Maximum     Peak      Time of   Maximum Time of Peak
  ID Type     Lateral   Inflow  Peak Inflow  Flooding     Flooding

Inflow Occurrence  Overflow   Occurrence
cfs cfs  days  hh:mm cfs  days  hh:mm

  ------------------------------------------------------------------------------------
  Jun-02-Out2 JUNCTION 0.00     9.75     0  12:21 0.00
  Jun-03-Out2 JUNCTION 0.00     0.01     0  12:21 0.00
  Jun-04-Out2 JUNCTION 0.00     9.75     0  12:21 0.00
  Jun-05-Out1 JUNCTION 0.00     0.00     0  00:00 0.00
  Jun-06-Out1 JUNCTION 0.00     3.08     0  12:32 0.00
  Jun-07-Out1 JUNCTION 0.00     3.08     0  12:33 0.00
  DP-1 OUTFALL 6.65     8.81     0  12:16 0.00
  DP-2 OUTFALL 13.65    23.37     0  12:23 0.00
  Stor-02-POND2 STORAGE 23.77    23.77     0  12:08 0.00
  Stor-04-POND1 STORAGE 13.68    13.68     0  12:08 0.00

  ********************
  Storage Node Summary
  ********************

----------------------------------------------------------------------------------------------------
---------------------------------
  Storage Node ID Maximum     Maximum    Time of Max    Average   Average       Maximum
Maximum  Time of Max. Total

Ponded Ponded Ponded     Ponded    Ponded  Storage Node
Exfiltration  Exfiltration  Exfiltrated

Volume Volume Volume     Volume    Volume Outflow
Rate Rate Volume

1000 ft³ (%)     days hh:mm   1000 ft³ (%) cfs
cfm hh:mm:ss     1000 ft³

----------------------------------------------------------------------------------------------------
---------------------------------
  Stor-02-POND2 20.577 73 0  12:21 0.728 3 9.76
0.00 0:00:00 0.000
  Stor-04-POND1 17.325 48 0  12:32 1.001 3 3.08
0.00 0:00:00 0.000

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------
  Outfall Node ID        Flow   Average Peak

Frequency Flow    Inflow
(%) cfs cfs

  -----------------------------------------------
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  DP-1 49.49 0.57 8.81
  DP-2 40.46 1.45     23.37
  -----------------------------------------------
  System 44.97 2.02     31.46

  *****************
  Link Flow Summary
  *****************

----------------------------------------------------------------------------------------------------
----------------------------
  Link ID Element Time of   Maximum  Length   Peak Flow Design  Ratio of
Ratio of Total  Reported

Type Peak Flow  Velocity  Factor during Flow   Maximum
Maximum Time  Condition

Occurrence  Attained Analysis    Capacity   /Design
Flow  Surcharged

days hh:mm    ft/sec cfs cfs Flow
Depth     minutes

----------------------------------------------------------------------------------------------------
----------------------------
  Link-01-RipRap-2     CHANNEL 0  00:00 0.00    1.00 0.00 61.79 0.00
0.24 0  Calculated
  Link-02-Surface-2    CHANNEL 0  12:21 4.62    1.00 9.75 421.47 0.02
0.11 0  Calculated
  Link-03-RipRap1 CHANNEL 0  00:00 0.00    1.00 0.00 53.51 0.00
0.11 0  Calculated
  Link-04-Surface1     CHANNEL 0  12:33 2.89    1.00 3.08 344.13 0.01
0.05 0  Calculated
  Orifice-01-2yr-2     ORIFICE 0  12:07 4.15
  Orifice-02-10yr-2    ORIFICE 0  12:21 6.87
  Orifice-03-OutletPipe2 ORIFICE 0  12:21 9.75
  Orifice-04-2yr-1     ORIFICE 0  12:18 2.21
  Orifice-05-10yr-1    ORIFICE 0  12:32 0.95
  Orifice-06-OutletPipe1 ORIFICE 0  12:33 3.08
  Weir-02-100yr-2 WEIR 0  12:21 0.01
0.01
  Weir-04-100yr-1 WEIR 0  00:00 0.00
0.00

  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.

  Analysis began on:  Thu Mar 13 16:19:27 2025
  Analysis ended on:  Thu Mar 13 16:19:41 2025
  Total elapsed time: 00:00:14
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  Autodesk® Storm and Sanitary Analysis 2016 - Version 13.0.94 (Build 0)
  -----------------------------------------------------------------------------------------

  *******************
  Project Description
  *******************
  File Name ................. ZOVL_PostDevelopment_r1.SPF

  ****************
  Analysis Options
  ****************
  Flow Units ................ cfs
  Subbasin Hydrograph Method. SCS TR-20
  Time of Concentration...... SCS TR-55
  Link Routing Method ....... Hydrodynamic
  Storage Node Exfiltration.. Constant rate, projected area
  Starting Date ............. MAY-06-2024 00:00:00
  Ending Date ............... MAY-09-2024 00:00:00
  Report Time Step .......... 00:04:00

  *************
  Element Count
  *************
  Number of rain gages ...... 1
  Number of subbasins ....... 4
  Number of nodes ........... 10
  Number of links ........... 12

  ****************
  Raingage Summary
  ****************
  Gage Data Data Recording
  ID Source Type Interval

min
  ------------------------------------------------------------
  Rain Gage-01        100YR 24HR (Future) CUMULATIVE      1.00

  ****************
  Subbasin Summary
  ****************
  Subbasin Total

Area
  ID ft²
  ------------------------------
  Catch-P1 86824.66
  Catch-P2 115184.55
  Catch-P3 234457.05
  Catch-P4 189338.22

  ************
  Node Summary
  ************
  Node Element Invert   Maximum    Ponded    External
  ID Type Elevation     Elev. Area Inflow

ft ft ft²
  ------------------------------------------------------------------------------
  Jun-02-Out2 JUNCTION 916.00    920.33 0.00
  Jun-03-Out2 JUNCTION 916.00    999.00   1000.00
  Jun-04-Out2 JUNCTION 916.00    921.50 0.00
  Jun-05-Out1 JUNCTION 935.00    999.00   1000.00
  Jun-06-Out1 JUNCTION 935.00    937.75 0.00
  Jun-07-Out1 JUNCTION 935.00    939.00 0.00
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  DP-1 OUTFALL 0.00    936.00 0.00
  DP-2 OUTFALL 0.00    917.50 0.00
  Stor-02-POND2 STORAGE 916.00    921.00  10000.00
  Stor-04-POND1 STORAGE 935.00    939.00  10000.00

  ************
  Link Summary
  ************
  Link            From Node       To Node Element Length     Slope   Manning's
  ID Type ft %   Roughness
  --------------------------------------------------------------------------------------------
  Link-01-RipRap-2Jun-03-Out2     Jun-04-Out2     CHANNEL 15.0   33.3333 0.0330
  Link-02-Surface-2Jun-04-Out2     DP-2 CHANNEL 10.0    5.0000 0.0200
  Link-03-RipRap1 Jun-05-Out1     Jun-07-Out1     CHANNEL 12.0   25.0000 0.0330
  Link-04-Surface1Jun-07-Out1     DP-1 CHANNEL 30.0    3.3333 0.0200
  Orifice-01-2yr-2Stor-02-POND2   Jun-02-Out2     ORIFICE
  Orifice-02-10yr-2Stor-02-POND2   Jun-02-Out2     ORIFICE
  Orifice-03-OutletPipe2Jun-02-Out2     Jun-04-Out2     ORIFICE
  Orifice-04-2yr-1Stor-04-POND1   Jun-06-Out1     ORIFICE
  Orifice-05-10yr-1Stor-04-POND1   Jun-06-Out1     ORIFICE
  Orifice-06-OutletPipe1Jun-06-Out1     Jun-07-Out1     ORIFICE
  Weir-02-100yr-2 Stor-02-POND2   Jun-03-Out2     WEIR
  Weir-04-100yr-1 Stor-04-POND1   Jun-05-Out1     WEIR

  *********************
  Cross Section Summary
  *********************
  Link Shape Depth/ Width No. of Cross    Full Flow
Design
  ID Diameter Barrels    Sectional    Hydraulic
Flow

Area Radius
Capacity

ft ft ft² ft
cfs

----------------------------------------------------------------------------------------------------
------
  Link-01-RipRap-2 TRAPEZOIDAL 0.50 10.00 1 4.25 0.42
61.79
  Link-02-Surface-2 RECT_OPEN 2.00 10.00 1 20.00 1.43
421.47
  Link-03-RipRap1  TRAPEZOIDAL 0.50 10.00 1 4.25 0.42
53.51
  Link-04-Surface1 RECT_OPEN 2.00 10.00 1 20.00 1.43
344.13

  ************************** Volume Depth
  Runoff Quantity Continuity acre-ft inches
  **************************     --------- -------
  Total Precipitation ...... 11.117 9.286
  Surface Runoff ........... 0.038 0.032
  Continuity Error (%) ..... -0.001

  ************************** Volume Volume
  Flow Routing Continuity acre-ft Mgallons
  **************************     ---------     ---------
  External Inflow .......... 0.000 0.000
  External Outflow ......... 9.060 2.952
  Initial Stored Volume .... 0.000 0.000
  Final Stored Volume ...... 0.000 0.000
  Continuity Error (%) ..... 0.000
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  ******************************************
  Composite Curve Number Computations Report
  ******************************************

  --------------------
  Subbasin Catch-P1
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Woods, Fair 28528.90 D 79.00
  Woods & grass combination, Fair 58295.76 D 82.00
  Composite Area & Weighted CN 86824.66 81.01

  --------------------
  Subbasin Catch-P2
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Paved parking & roofs 27947.90 D 98.00
  Meadow, non-grazed 33451.85 D 78.00
  Gravel roads 53784.80 D 91.00
  Composite Area & Weighted CN 115184.55 88.92

  --------------------
  Subbasin Catch-P3
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Woods, Fair 121539.49 D 79.00
  Meadow, non-grazed 112917.56 D 78.00
  Composite Area & Weighted CN 234457.05 78.52

  --------------------
  Subbasin Catch-P4
  --------------------

Area Soil
  Soil/Surface Description (ft²) Group CN
  ----------------------------------------------------------------------------------------
  Paved parking & roofs 83026.68 D 98.00
  Meadow, non-grazed 20512.93 D 78.00
  Gravel roads 85798.65 D 91.00
  Composite Area & Weighted CN 189338.26 92.66

  ***************************************************
  SCS TR-55 Time of Concentration Computations Report
  ***************************************************

  Sheet Flow Equation
  -------------------

Tc = (0.007 * ((n * Lf)^0.8)) / ((P^0.5) * (Sf^0.4))

Where:

Tc = Time of Concentration (hrs)
n  = Manning's Roughness
Lf = Flow Length (ft)
P  = 2 yr, 24 hr Rainfall (inches)
Sf = Slope (ft/ft)

  Shallow Concentrated Flow Equation
  ----------------------------------

V  = 16.1345 * (Sf^0.5) (unpaved surface)
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V  = 20.3282 * (Sf^0.5) (paved surface)
V  = 15.0 * (Sf^0.5) (grassed waterway surface)
V  = 10.0 * (Sf^0.5) (nearly bare & untilled surface)
V  = 9.0 * (Sf^0.5) (cultivated straight rows surface)
V  = 7.0 * (Sf^0.5) (short grass pasture surface)
V  = 5.0 * (Sf^0.5) (woodland surface)
V  = 2.5 * (Sf^0.5) (forest w/heavy litter surface)
Tc = (Lf / V) / (3600 sec/hr)

Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)
V  = Velocity (ft/sec)
Sf = Slope (ft/ft)

  Channel Flow Equation
  ---------------------

V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
R  = Aq / Wp
Tc = (Lf / V) / (3600 sec/hr)

Where:

Tc = Time of Concentration (hrs)
Lf = Flow Length (ft)
R  = Hydraulic Radius (ft)
Aq = Flow Area (ft²)
Wp = Wetted Perimeter (ft)
V  = Velocity (ft/sec)
Sf = Slope (ft/ft)
n  = Manning's Roughness

  --------------------
  Subbasin Catch-P1
  --------------------

  Sheet Flow Computations
  -----------------------

Subarea A Subarea B Subarea C
Manning's Roughness: 0.40 0.00 0.00
Flow Length (ft): 100.00 0.00 0.00
Slope (%): 7.00 0.00 0.00
2 yr, 24 hr Rainfall (in): 3.00 3.00 3.00
Velocity (ft/sec): 0.12 0.00 0.00
Computed Flow Time (minutes): 13.44 0.00 0.00

  Shallow Concentrated Flow Computations
  --------------------------------------

Subarea A Subarea B Subarea C
Flow Length (ft): 305.00 0.00 0.00
Slope (%): 10.80 0.00 0.00
Surface Type: Woodland Woodland Woodland
Velocity (ft/sec): 1.64 0.00 0.00
Computed Flow Time (minutes): 3.10 0.00 0.00

  ================================================================================================
Total TOC (minutes): 16.54

  ================================================================================================

  --------------------
  Subbasin Catch-P2
  --------------------

User-Defined TOC override (minutes): 6.00

  --------------------
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  Subbasin Catch-P3
  --------------------

  Sheet Flow Computations
  -----------------------

Subarea A Subarea B Subarea C
Manning's Roughness: 0.40 0.00 0.00
Flow Length (ft): 100.00 0.00 0.00
Slope (%): 4.00 0.00 0.00
2 yr, 24 hr Rainfall (in): 3.00 3.00 3.00
Velocity (ft/sec): 0.10 0.00 0.00
Computed Flow Time (minutes): 16.81 0.00 0.00

  Shallow Concentrated Flow Computations
  --------------------------------------

Subarea A Subarea B Subarea C
Flow Length (ft): 342.00 178.00 270.00
Slope (%): 7.50 7.00 5.00
Surface Type: Grass pasture Woodland Woodland
Velocity (ft/sec): 1.92 1.32 1.12
Computed Flow Time (minutes): 2.97 2.25 4.02

  Channel Flow Computations
  -------------------------

Subarea A Subarea B Subarea C
Manning's Roughness: 0.02 0.00 0.00
Flow Length (ft): 974.00 0.00 0.00
Channel Slope (%): 1.70 0.00 0.00
Cross Section Area (ft²): 5.00 0.00 0.00
Wetted Perimeter (ft): 6.33 0.00 0.00
Velocity (ft/sec): 8.30 0.00 0.00
Computed Flow Time (minutes): 1.96 0.00 0.00

  ================================================================================================
Total TOC (minutes): 28.00

  ================================================================================================

  --------------------
  Subbasin Catch-P4
  --------------------

User-Defined TOC override (minutes): 6.00

  ***********************
  Subbasin Runoff Summary
  ***********************

  --------------------------------------------------------------------------
  Subbasin Total     Total Peak  Weighted Time of
  ID Precip    Runoff    Runoff     Curve     Concentration

in in cfs    Number    days  hh:mm:ss
  --------------------------------------------------------------------------
  Catch-P1 9.40 7.07     11.90    81.010 0  00:16:32
  Catch-P2 9.40 8.05     22.76    88.920 0  00:06:00
  Catch-P3 9.40 6.76     25.10    78.520 0  00:28:00
  Catch-P4 9.40 8.51     38.43    92.660 0  00:06:00
  --------------------------------------------------------------------------

  ******************
  Node Depth Summary
  ******************

  -----------------------------------------------------------------------------------------
  Node Average   Maximum   Maximum   Time of Max     Total     Total   Retention
  ID Depth     Depth HGL    Occurrence   Flooded Time Time

Attained  Attained  Attained Volume   Flooded
ft ft ft   days  hh:mm   acre-in   minutes    hh:mm:ss
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  -----------------------------------------------------------------------------------------
  Jun-02-Out2 0.12 3.97    919.97 0  12:17 0 0     0:00:00
  Jun-03-Out2 3.34 5.14    921.14 0  12:17 0 0     0:00:00
  Jun-04-Out2 0.02 0.39    916.39 0  12:17 0 0     0:00:00
  Jun-05-Out1 2.49 3.07    938.07 0  12:28 0 0     0:00:00
  Jun-06-Out1 0.09 1.65    936.65 0  12:28 0 0     0:00:00
  Jun-07-Out1 0.01 0.18    935.18 0  12:28 0 0     0:00:00
  DP-1 0.00 0.00 0.00 0  00:00 0 0     0:00:00
  DP-2 0.00 0.00 0.00 0  00:00 0 0     0:00:00
  Stor-02-POND2 0.26 5.42    921.42 0  12:17 1.15 26     0:00:00
  Stor-04-POND1 0.22 3.28    938.28 0  12:28 0 0     0:00:00

  *****************
  Node Flow Summary
  *****************

  ------------------------------------------------------------------------------------
  Node Element     Maximum     Peak      Time of   Maximum Time of Peak
  ID Type     Lateral   Inflow  Peak Inflow  Flooding     Flooding

Inflow Occurrence  Overflow   Occurrence
cfs cfs  days  hh:mm cfs  days  hh:mm

  ------------------------------------------------------------------------------------
  Jun-02-Out2 JUNCTION 0.00    11.44     0  12:17 0.00
  Jun-03-Out2 JUNCTION 0.00     7.37     0  12:17 0.00
  Jun-04-Out2 JUNCTION 0.00    18.81     0  12:17 0.00
  Jun-05-Out1 JUNCTION 0.00     1.90     0  12:28 0.00
  Jun-06-Out1 JUNCTION 0.00     4.69     0  12:28 0.00
  Jun-07-Out1 JUNCTION 0.00     6.59     0  12:28 0.00
  DP-1 OUTFALL 11.84    16.35     0  12:17 0.00
  DP-2 OUTFALL 24.99    43.24     0  12:20 0.00
  Stor-02-POND2        STORAGE      38.22    38.22     0  12:08     23.41     0  12:10
  Stor-04-POND1 STORAGE 22.65    22.65     0  12:08 0.00

  ********************
  Storage Node Summary
  ********************

----------------------------------------------------------------------------------------------------
---------------------------------
  Storage Node ID Maximum     Maximum    Time of Max    Average   Average       Maximum
Maximum  Time of Max. Total

Ponded Ponded Ponded     Ponded    Ponded  Storage Node
Exfiltration  Exfiltration  Exfiltrated

Volume Volume Volume     Volume    Volume Outflow
Rate Rate Volume

1000 ft³ (%)     days hh:mm   1000 ft³ (%) cfs
cfm hh:mm:ss     1000 ft³

----------------------------------------------------------------------------------------------------
---------------------------------
  Stor-02-POND2 28.081 100 0  12:10 1.147 4 18.81
0.00 0:00:00 0.000
  Stor-04-POND1 27.827 77 0  12:28 1.596 4 6.59
0.00 0:00:00 0.000

  ***********************
  Outfall Loading Summary
  ***********************

  -----------------------------------------------
  Outfall Node ID        Flow   Average Peak

Frequency Flow    Inflow
(%) cfs cfs

  -----------------------------------------------
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  DP-1 52.29 0.95     16.35
  DP-2 42.23 2.43     43.24
  -----------------------------------------------
  System 47.26 3.38     59.45

  *****************
  Link Flow Summary
  *****************

----------------------------------------------------------------------------------------------------
----------------------------
  Link ID Element Time of   Maximum  Length   Peak Flow Design  Ratio of
Ratio of Total  Reported

Type Peak Flow  Velocity  Factor during Flow   Maximum
Maximum Time  Condition

Occurrence  Attained Analysis    Capacity   /Design
Flow  Surcharged

days hh:mm    ft/sec cfs cfs Flow
Depth     minutes

----------------------------------------------------------------------------------------------------
----------------------------
  Link-01-RipRap-2     CHANNEL 0  12:17 3.51    1.00 7.37 61.79 0.12
0.54 0  Calculated
  Link-02-Surface-2    CHANNEL 0  12:17 5.62    1.00 18.81 421.47 0.04
0.17 0  Calculated
  Link-03-RipRap1 CHANNEL 0  12:28 2.07    1.00 1.90 53.51 0.04
0.25 0  Calculated
  Link-04-Surface1     CHANNEL 0  12:28 3.83    1.00 6.59 344.13 0.02
0.09 0  Calculated
  Orifice-01-2yr-2     ORIFICE 0  11:57 4.15
  Orifice-02-10yr-2    ORIFICE 0  12:17 8.23
  Orifice-03-OutletPipe2 ORIFICE 0  12:17 11.44
  Orifice-04-2yr-1     ORIFICE 0  12:27 2.22
  Orifice-05-10yr-1    ORIFICE 0  12:28 2.47
  Orifice-06-OutletPipe1 ORIFICE 0  12:28 4.69
  Weir-02-100yr-2 WEIR 0  12:17 7.37
1.00
  Weir-04-100yr-1 WEIR 0  12:28 1.90
0.28

  ********************************
  Highest Flow Instability Indexes
  ********************************
  All links are stable.

  Analysis began on:  Thu Mar 13 16:21:14 2025
  Analysis ended on:  Thu Mar 13 16:21:29 2025
  Total elapsed time: 00:00:15
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Rhynland Energy Moraga Storage LLC - ZOVL (Oakham, MA)

2 | | December 16, 2025 | Arup US, Inc. Stormwater Management Report

Appendix J: Operations and Maintenance Plan
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Moraga Storage LLC - ZOVL 

Stormwater Management Systems 

Operations and Maintenance Plan 

RESPONSIBLE PARTY DURING CONSTRUCTION: TBD

RESPONSIBLE PARTY POST CONSTRUCTION: TBD  

Construction Phase  
During the construction phase, all erosion control devices and measures shall be maintained in 
accordance with the final record plans, local/state approvals and conditions, and the EPA 
General Permit for the Discharge of Stormwater and Dewatering Wastewaters from Construction 
Activities, if applicable. Additionally, the maintenance of all erosion / siltation control measures 
during construction shall be the responsibility of the general contractor. Upon proper notice to 
the property owner, the Town/City or its authorized designee shall be allowed to enter the 
property at a reasonable time and in a reasonable manner for the purposes of inspection. Due to 
the complex nature of the project, a more detailed description of the Construction Period 
Pollution Prevention and Erosion and Sedimentation Control Plan before any land disturbance 
begins.  

Long-term Pollution Prevention Plan 
Standard 4 requires the development of suitable practices for source control and pollution 
prevention. These measures must be identified in a long-term pollution prevention plan in a 
subsequent design phase. The long-term pollution prevention plan shall include the proper 
procedures for the following: 

• good housekeeping;
• storing materials and water products inside or under cover;
• vehicle washing;
• routine inspections and maintenance of stormwater BMPs;
• spill prevention and response;
• maintenance of lawns, gardens, and other landscapes areas;
• storage and use of fertilizers, herbicides, and pesticides;
• pet waste management;
• operation and management of septic systems; and
• proper management of de-icing chemicals and snow.

The long-term pollution prevention plan shall provide that sand piles be contained and stabilized 
to prevent the discharge of sand to wetlands or water bodies, and, where feasible, covered. If a 
Total Maximum Daily Load (TMDL) has been developed that indicates that the use of fertilizers 
containing nutrients must be reduced, the long-term pollution prevention plan shall also include 
nutrient management. 
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Post Development Controls  
Once construction is completed, the post development stormwater controls for the following 
items are to be operated and maintained in compliance with the procedures set in this report (note 
that the continued implementation of these procedures shall be the responsibility of the Owner or 
its assignee):  

1. Catch Basins, Manholes and Piping;
2. Proprietary Water Quality Treatment Devices;
3. Outlet Control Structures;
4. Stormwater Detention Basin.

Refer to the 30% Drawings to see the location of all stormwater BMPs. All BMPs have been 
placed in locations with sufficient maintenance access that will be responsibility of the Owner. 
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BMP ID:    Catch Basins, Manholes and Piping. 
Inspection Schedule: 

• At least annually.

Inspection Description: 
• Open covers or inlet grates as applicable. Identify if there is any damage to the

structure or connections to pipes or obstruction to flow and verify that a clear flow

path exists. Check concrete encasement and adjacent paving for apparent

structural soundness, damage, and signs of settlement. Inspect for evidence of

pollutants.

• Note type of debris.  Note existing water, debris and silt levels relative to a fixed

point (such as the floor of the structure).

• Repair any damaged structures or pipe connections or obstructions to flow (such

as silt and debris). Accumulated sediment and hydrocarbons present must be

removed and properly disposed of off-site in accordance with local, state, federal,

and other applicable requirements. Remove any silt or debris as required, but at

least when sediment reaches within 6-inches of the inlet or outlet pipes.

Public Safety Features: 
Site is fenced off and will not be accessible to the public. 

Operation and Maintenace Budget: 
At this stage of the project, specific details regarding the party or parties responsible for 

operation and maintenance, as well as the estimated operation and maintenance budget 

and funding sources, are not yet available. This project is currently in the permitting phase, 

and ownership and operational responsibilities will be determined at a later date. 

However, we have provided rough magnitude costs based on data from the Rhode Island 

Stormwater Design and Installation Standards Manual (2011): 

• $1/gal to dewater and remove sludge

• $66/ton sediment dump fee

• $800/trip-day transport underground dredge materials
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STORM WATER MANAGEMENT SYSTEM OPERATIONS AND MAINTENANCE 

PLAN 

CATCH BASINS, MANHOLES AND PIPING 

Name of Inspector: _____________________  Title of Inspector: ________________ 

Inspector’s Signature: ___________________ 

Inspection Date 

Satisfactory 

Location 
Maintenance Needed and 

Description 

Implementation 

Date of 

Maintenance Yes No N/A 
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BMP ID:    Proprietary Water Quality Treatment Device 

Inspection Schedule: 
• Quarterly inspection is recommended for the first year after installation. The

frequency of inspections after the first year can be determined by observing the in

the system. At minimum, every 6 months to meet certification requirements.

• Additionally, the device must be cleaned out when either pollutant removal capacity

is reduced by 50% or more, or when 50% or more of the pollutant storage capacity

is filled or displaced.

Inspection Description: 
• Note the depth of sediment in the sump, 12 inches or greater will require

maintenance to remove and dispose of in an environmentally friendly manner. If

there is trash, debris, or oil, it should be removed as well.

• In dry weather conditions, there should be no standing water on the deck, if there

is standing water in the backwash pool, this indicates that the filter cartridges must

be rinsed.

• In wet weather conditions, observe the rate and movement of water in the unit. Note

the depth of water above deck elevation within the maintenance access wall or inlet

bay. Observe the amount of standing water on the deck. There should not be any

beyond the backwash pool.

• Any appreciated sediment on the deck should be removed.

• If necessary, remove and rinse the individual cartridges to extend the life of the

filter. If a cartridge is deemed unusable, replace it. Any missing pieces on the deck

or the rest of the system should be replaced as well.

Maintenance Schedule: 
• Varies based on the results of the inspection. If the filter is well maintained by the

owner, cartridges should last 3-5 years.

Public Safety Features: 
Site is fenced off and will not be accessible to the public. 

Operation and Maintenace Budget: 
At this stage of the project, specific details regarding the party or parties responsible for 

operation and maintenance, as well as the estimated operation and maintenance budget 

and funding sources, are not yet available. This project is currently in the permitting phase, 

and ownership and operational responsibilities will be determined at a later date. 

However, we have provided rough magnitude costs based on data from the Rhode Island 

Stormwater Design and Installation Standards Manual (2011): 

• $1 per gallon of water to dewater and remove sludge

• $66 per ton sediment dump fee
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• $800 per trip per day to transport underground dredge materials (minimum 2-4

trips per day for estimation)

According to the supplier, it is estimated that it would cost $6.600 to replace all cartridges 

in the filter. 

Additional Notes: 
Inspection is required immediately after an upstream oil, fuel, or other chemical spill. 
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STORM WATER MANAGEMENT SYSTEM OPERATIONS AND MAINTENANCE 

PLAN 

PROPRIETARY TREATMENT DEVICE 

Name of Inspector: _____________________  Title of Inspector: ________________ 

Inspector’s Signature: ___________________ 

Inspection Date 

Satisfactory 

Location 
Maintenance Needed and 

Description 

Implementation 

Date of 

Maintenance Yes No N/A 
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BMP ID:    Outlet Control Structures 

Inspection Schedule: 
• At least annually.

Inspection Description: 
• Condition of rip-rap area should be cleared of all sediment deposits and invasive

plant species.

• Inspect for damage (e.g. erosion, cracks, spalling, seepage/ weeps, failure, animal

burrows). Damage and deterioration of the area shall be repaired immediately.

• Note any overgrown/ dead vegetation preventing or impeding access by

maintenance personnel or equipment.

Public Safety Features:  
Site is fenced off and will not be accessible to the public. 

Operation and Maintenace Budget: 
At this stage of the project, specific details regarding the party or parties responsible for 

operation and maintenance, as well as the estimated operation and maintenance budget 

and funding sources, are not yet available. This project is currently in the permitting phase, 

and ownership and operational responsibilities will be determined at a later date. 

Exhibit MS-B Supplemental 
EFSB 25-07 

Page 114 of 245

Attachment A 
EFSB 26-01 

Page 171 of 302



Rhynland Energy Moraga Storage LLC - ZOVL

358 Coldbrook Street
Oakham, MA

Stormwater Management Systems Operation & Maintenance Plan

 June 3, 2024 | Arup USA, Inc 

HTTPS://ARUP.SHAREPOINT.COM/TEAMS/PRJ-29622900/DATA AND DOCUMENTS LIBRARY/3-02 REPORTS AND NARRATIVES/STORMWATER REPORTS/ZOVL - OAKHAM, MA/STORMWATER REPORT 

APPENDICES/APPENDIX J - O&M PLAN/APPENDIX J - O&M PLAN.DOCX 

Page 9

STORM WATER MANAGEMENT SYSTEM OPERATIONS AND MAINTENANCE 

PLAN 

OUTLET CONTROL STRUCTURES 

Name of Inspector: _____________________  Title of Inspector: ________________ 

Inspector’s Signature: ___________________ 

Inspection Date 

Satisfactory 

Location 
Maintenance Needed and 

Description 

Implementation 

Date of 

Maintenance Yes No N/A 
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BMP ID:    Stormwater Detention Basin

Inspection Schedule: 
At least annually.

Inspection Description: 

Note any apparent high-water marks such as a debris line or discolored vegetation relative 

to a fixed point.

Note level of silt, sand or debris in bottom of basins relative to a fixed point.

Note type of debris.  Inspect for evidence of pollutants.

Remove sediment from the forebay and basin as necessary. Wait until floor of the basin is 

thoroughly dry before removing sediment. At a minimum remove sediment accumulation 
immediately after construction and every five years after that.

Remove trash and debris and dispose of in an environmentally acceptable manner.

Remove excess vegetation from basin. Revegetate as needed.

Maintenance Schedule: 
Twice a year: mow the buffer area, side slopes, and basin bottom. Remove trash and debris, grass 

clippings and accumulated organic matter.

Additional Notes: 
If standing water is observed for longer than 72 hours after a storm event, a pump should 

be placed in the basin and discharged to the downstream manhole. After the system is 

dewatered it should be observed by a Professional Engineer, who should provide an 

opinion as to why the basin is not draining and provide recommendations to restore 

storage capacity to the system.
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STORM WATER MANAGEMENT SYSTEM OPERATIONS AND MAINTENANCE 

PLAN

STORMWATER DETENTION BASIN

Name of Inspector: _____________________  Title of Inspector: ________________ 

Inspector’s Signature: ___________________ 

Inspection Date

Satisfactory

Location
Maintenance Needed 

and Description

Implementat

ion Date of 

Maintenance
Y

es

N

o

N

/

A 
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An efficient and economical solution
ENGINEERED SOLUTIONS

Advanced Sediment Capture Technology

The Cascade Separator® is the newest innovation in 
stormwater treatment from Contech.  The Cascade Separator 
was developed by Contech’s stormwater experts using 
advanced modeling tools and Contech’s industry leading 
stormwater laboratory.  

This innovative hydrodynamic separator excels at sediment 
capture and retention while also removing hydrocarbons, 
trash, and debris from stormwater runoff. What makes the 
Cascade Separator unique is the use of opposing vortices 
that enhance particle settling and a unique skirt design that allows 
for sediment transport into the sump while reducing turbulence and 
resuspension of previously captured material. These two factors allow 
the Cascade Separator to treat high flow rates in a small footprint, 
resulting in an efficient and economical solution for any site.

CASCADE MAINTENANCE

Cascade provides unobstructed access to stored 

pollutants, making it easy to maintain using a vacuum 

truck, with no requirement to enter the unit.

The Cascade Separator®

Learn More: 
www.ContechES.com/cascade

FEATURE BENEFIT

Unique skirt design & 
opposing vortices

Superior TSS removal; reduced 
system size and costs

Inlet area accepts wide 
range of inlet pipe angles Design and installation flexibility 

Accepts multiple inlet 
pipes 

Eliminates the need for separate 
junction structure

Grate inlet option Eliminates the need for a 
separate grate inlet structure

Internal bypass Eliminates the need for a 
separate bypass structure

Clear access to sump and 
stored pollutants Fast, easy maintenance

Manhole

Center Chamber

Flumes

Outlet Channel

Outlet Deck

Outlet Window

Drain Down 
Pipe

Outlet Pipe

Inlet PIpe

Center Cylinder

Slanted Skirt

Sump

Inlet Chamber
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Cascade Separator® Inspection and 
Maintenance Guide

ENGINEERED SOLUTIONS
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Maintenance
The Cascade Separator® system should be inspected at regular 
intervals and maintained when necessary to ensure optimum 
performance. The rate at which the system collects sediment 
and debris will depend upon on-site activities and site pollutant 
characteristics. For example, unstable soils or heavy winter sanding 
will cause the sediment storage sump to fill more quickly but 
regular sweeping of paved surfaces will slow accumulation. 

Inspection
Inspection is the key to effective maintenance and is easily 
performed. Pollutant transport and deposition may vary from year 
to year and regular inspections will help ensure that the system is 
cleaned out at the appropriate time. At a minimum, inspections 
should be performed twice per year (i.e. spring and fall). However, 
more frequent inspections may be necessary in climates where 
winter sanding operations may lead to rapid accumulations, or in 
equipment wash-down areas. Installations should also be inspected 
more frequently where excessive amounts of trash are expected.

A visual inspection should ascertain that the system components are 
in working order and that there are no blockages or obstructions 
in the inlet chamber, flumes or outlet channel. The inspection 
should also quantify the accumulation of hydrocarbons, trash and 
sediment in the system. Measuring pollutant accumulation can be 
done with a calibrated dipstick, tape measure or other measuring 
instrument. If absorbent material is used for enhanced removal of 
hydrocarbons, the level of discoloration of the sorbent material 
should also be identified during inspection. It is useful and often 
required as part of an operating permit to keep a record of each 
inspection. A simple form for doing so is provided in this Inspection 
and Maintenance Guide.

Access to the Cascade Separator unit is typically achieved through 
one manhole access cover. The opening allows for inspection and 
cleanout of the center chamber (cylinder) and sediment storage 
sump, as well as inspection of the inlet chamber and slanted 
skirt. For large units, multiple manhole covers allow access to the 
chambers and sump.

The Cascade Separator system should be cleaned before the level 
of sediment in the sump reaches the maximum sediment depth 
and/or when an appreciable level of hydrocarbons and trash has 
accumulated. If sorbent material is used, it must be replaced 
when significant discoloration has occurred. Performance may be 
impacted when maximum sediment storage capacity is exceeded. 
Contech recommends maintaining the system when sediment level 
reaches 50% of maximum storage volume. The level of sediment 
is easily determined by measuring the distance from the system 
outlet invert (standing water level) to the top of the sediment pile. 
To avoid underestimating the level of sediment in the chamber, the 
measuring device must be lowered to the top of the sediment pile 
carefully. Finer, silty particles at the top of the pile typically offer less 
resistance to the end of the rod than larger particles toward the 
bottom of the pile. Once this measurement is recorded, it should be 
compared to the chart in this document to determine if the height 
of the sediment pile off the bottom of the sump floor exceeds 50% 
of the maximum sediment storage.

Cleaning
Cleaning of a Cascade Separator system should be done during 
dry weather conditions when no flow is entering the system. 
The use of a vacuum truck is generally the most effective and 
convenient method of removing pollutants from the system. 
Simply remove the manhole cover and insert the vacuum tube 
down through the center chamber and into the sump. The 
system should be completely drained down and the sump fully 
evacuated of sediment. The areas outside the center chamber 
and the slanted skirt should also be washed off if pollutant build-
up exists in these areas.

In installations where the risk of petroleum spills is small, liquid 
contaminants may not accumulate as quickly as sediment. 
However, the system should be cleaned out immediately in the 
event of an oil or gasoline spill. Motor oil and other hydrocarbons 
that accumulate on a more routine basis should be removed 
when an appreciable layer has been captured. To remove these 
pollutants, it may be preferable to use absorbent pads since they 
are usually less expensive to dispose than the oil/water emulsion 
that may be created by vacuuming the oily layer. Trash and debris 
can be netted out to separate it from the other pollutants. Then 
the system should be power washed to ensure it is free of trash 
and debris.

Manhole covers should be securely seated following cleaning 
activities to prevent leakage of runoff into the system from above 
and to ensure proper safety precautions. Confined space entry 
procedures need to be followed if physical access is required. 
Disposal of all material removed from the Cascade Separator 
system must be done in accordance with local regulations. In 
many locations, disposal of evacuated sediments may be handled 
in the same manner as disposal of sediments removed from catch 
basins or deep sump manholes. Check your local regulations 
for specific requirements on disposal. If any components 
are damaged, replacement parts can be ordered from the 
manufacturer.
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A vacuum truck excavates pollutants from the systems.A Cascade Separator unit can be easily cleaned 
in less than 30 minutes.

Model 
Number

Diameter
Distance from Water Surface to  

Top of Sediment Pile
Sediment Storage Capacity

ft m ft m y3 m3

CS-3 3 0.9 1.5 0.5 0.4 0.3

CS-4 4  1.2 2.5  0.8  0.7  0.5 

CS-5 5  1.3 3 0.9  1.1  0.8 

CS-6 6  1.8 3.5 1  1.6  1.2 

CS-8 8  2.4 4.8 1.4  2.8  2.1 

CS-10 10  3.0 6.2 1.9  4.4  3.3 

CS-12 12  3.6 7.5 2.3  6.3  4.8 

Note: The information in the chart is for standard units. Units may have been designed with non-standard sediment storage depth. 

Cascade Separator® Maintenance Indicators and Sediment Storage Capacities
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800-925-5240
www.ContechES.com

SUPPORT

• Drawings and specifications are available at www.ContechES.com.

• Site-specific design support is available from our engineers.

©2021 Contech Engineered Solutions LLC, a QUIKRETE Company

Contech Engineered Solutions LLC provides site solutions for the civil engineering industry. Contech’s portfolio includes bridges, drainage, sanitary sewer, 
stormwater, and earth stabilization products. For information, visit www.ContechES.com or call 800.338.1122

NOTHING IN THIS CATALOG SHOULD BE CONSTRUED AS A WARRANTY. APPLICATIONS SUGGESTED HEREIN ARE DESCRIBED ONLY TO HELP READERS MAKE 
THEIR OWN EVALUATIONS AND DECISIONS, AND ARE NEITHER GUARANTEES NOR WARRANTIES OF SUITABILITY FOR ANY APPLICATION. CONTECH MAKES 
NO WARRANTY WHATSOEVER, EXPRESS OR IMPLIED, RELATED TO THE APPLICATIONS, MATERIALS, COATINGS, OR PRODUCTS DISCUSSED HEREIN. ALL 
IMPLIED WARRANTIES OF MERCHANTABILITY AND ALL IMPLIED WARRANTIES OF FITNESS FOR ANY PARTICULAR PURPOSE ARE DISCLAIMED BY CONTECH. 
SEE CONTECH’S CONDITIONS OF SALE (AVAILABLE AT WWW.CONTECHES.COM/COS) FOR MORE INFORMATION.

Cascade Separator Maintenance 06/21

ENGINEERED SOLUTIONS

Cascade Separator® Inspection & Maintenance Log

Cascade Model: Location:

Date
Depth Below Invert 
to Top of Sediment1

Floatable Layer 
Thickness2

Describe 
Maintenance 

Performed

Maintenance 
Personnel

Comments

1.		The depth to sediment is determined by taking a measurement from the manhole outlet invert (standing water level) to the top of the sediment pile.
Once this measurement is recorded, it should be compared to the chart in the maintenance guide to determine if the height of the sediment pile
off the bottom of the sump floor exceeds 50% of the maximum sediment storage. Note: to avoid underestimating the volume of sediment in the
chamber, the measuring device must be carefully lowered to the top of the sediment pile.

2.	For optimum performance, the system should be cleaned out when the floating hydrocarbon layer accumulates to an appreciable thickness. In the
event of an oil spill, the system should be cleaned immediately.
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ENGINEERED SOLUTIONS

CDS® 
Hydrodynamic Separator
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